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In April, 1917, the Medical Research Committee invited the 
following special Committee to consider how far it may be prac- 
ticable and desirable to obtain the standardisation of routine 
pathological methods, and to report to them. ‘The special Com- 
mittee were empowered to co-opt additional members for, 
particular divisions of their subject.. 


Lieut.-Cotonet J. G. Apami, M.D., F.R.S., C.A.M.C. 

Mayor F. W. ANDREWES, MD. EF ROSS BALAI 
Proressor Wiii1amM Butiocn, M.D., F.R.S. 

For the consideration of the subjects dealt with in the two 

Reports now presented the Special Committee invited the co- 


operation of CoLONEL L. W. HARRISON, D.8.0., K.H.P., who by 
perwission joined the Committee for this purpose. 


REPORTS OF THE SPECIAL COMMITTEE UPON THE 
STANDARDISATION OF PATHOLOGICAL METHODS. 


The Special Committee beg leave to present to the Medical Research 
Committee two reports upon subjects of great importance in the recog- 
nition of venereal disease—the laboratory diagnosis of gonococcal infec- 
tions and the methods for the detection of spirochaetes. They have again 
to acknowledge gratefully the assistance given to them by Colonel L. W. 
Harrison, D.S.O., K.H.P., throughout their consideration of these sub- 
jects and the preparation of the reports. To other workers they are also 
greatly indebted for help in particular directions, as will appear in the 
text of the reports, and to all these they would express their gratitude 
here. 


No. 2.—THE LABORATORY DIAGNOSIS OF GONOCOCCAL 
INFECTIONS. 
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The Committee desire to call attention to the special difficulties asso- 
ciated with the diagnosis of gonococcal infections, and to recommend 
the employment of methods whereby the chances of incorrect diagnosis 
may be reduced to a minimum. Their action is prompted by a recog- 
nition of the increased call made upon the bacteriological laboratories 
of this country under the provisions of the Venereal Diseases Act. A 
wrong positive diagnosis may be the means of inflicting grave injury upon 
the individual; a wrong negative diagnosis is lable to injure the family 
of the individual and the community to an even greater extent. 

The stage has not yet been reached at which a diagnosis can be made 
with certainty in all cases by bacteriological methods alone. There still 
remain cases of latent gonorrhea, both in the male and in the female, 
which fail to react to any of the bacteriological tests at present at our dis- 
posal. In this asin any other infectious disease bacteriological evidence 
cannot always replace clinical. It is an adjunct, the value of which 
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is augmented to a remarkable degree when the diagnosis is entrusted to 
a thoroughly trained bacteriologist employing the best methods. It is 
timely, therefore, to direct attention to what are the best methods and 
what are their limitations. 

Cases presenting themselves for examination for the detection or 
elimination of gonococeal infection are to be divided into :— 


(1) Cases in the acute stage, actual or suspected. 


(2) Cases in the late or chronic stage, with or without a history of 
previous acute gonococcal infection. 


In the male the history of an acute attack is usually obtainable; in 
the female this history of the acute stage is commonly wanting. 

The bacteriological diagnosis of gonorrhcea is based in the first place 
upon the recognition of the gonococcus under the microscope. The 
picture presented in films, made from the discharge obtained in a frank 
case of acute gonorrhea, is characteristic as regards the intracellular 
position of the gonococci, their morphology and staining, and these 
ordinary cases present no difficulty. In those, however, that are clinic- 
ally doubtful or suspicious, the bacteriologist can render valuable aid. 
In these cases the picture presented is apt to be atypical and the routine 
bacteriological technique must be such as to reduce to a minimum the 
likelihood of false diagnosis. 


Thé Recognition of Gonococct in Films. 


The Committee are of opinion that a positive diagnosis may be justified 
from microscopic examination of films alone :— 


(1) When the clinical history and appearances are those of an acute 
gonorrhea. 
(11) When the proper technique has been employed. 
(111) When the observer is so thoroughly familiar with the appear- 
ance of the gonococcus in stained films as to be beyond the 
danger of confusing other micrococci with it. 


As an aid and a reminder, recognising that the danger of this con- 
fusion is very real, the Committee have considered it advisable to 
include in this report the accompanying plate of accurate coloured 
reproductions of gonococci as seen in films, and of other micro-organisms 
which are apt to be present in discharges from the genito-urinary 
passages (see Plates I and II). For these reproductions they are 
indebted to Colonel Harrison, D.S8.O., who selected and provided 
the material, and to Mr. 8S. A. Sewell who made the drawings. 

Where, in the acute discharge, microscopical examination gives nega- 
tive results, where the clinical history and appearances are doubtful, and 
where chronic gonorrhea is indicated or suspected, microscopical exami- 
nation alone is inadequate for diagnostic purposes, and its results must 
be confirmed by the cultural and other methods detailed below. It also 
has to be recognised that the gonococci, when apparently eliminated 
from the primary focus or foci of infection, may still persist in the 
tissues; that, in fact, there may be systemic without local discharge; 
cases of arthritis that may develop months, and it may be years, after 
the primary infection, at a time when for long there has been no dis- 
charge. In this order of cases neither microscopical nor cultural investi- 
gations of the external genito-urinary passages give positive results, 
and an indirect method is required such as complement fixation. 


D 


I.—THE LOCALITIES TO BE EXAMINED FOR THE PRESENCE OF GONOCOCCI. 


For diagnostic purposes the acute stage of gonorrhea with its abundant 
discharge, whether from the genito-urinary passages or the conjunctiva 
(in ophthalmia) presents little or no difficulty in this connection. All 
that is necessary is to spread a film and make cultures of the abundant 
secretion which is usually available for the purpose. 


In cases where there is little or no secretion the procedure is more 
dificult and the Committee are indebted to Dr. G. T. Western, of the 
London Hospital, who has a peculiarly large experience in cases of this 
kind, for a description of his method. 


A. In the Male the gonococci may persist for long periods in :— 


i. A deep follicle in the anterior urethra, a para-urethral canal, 
Tyson’s duct or in Cowper’s glands. 
i1. Behind a small, incomplete stricture. 
111. In the prostate or seminal vesicles. 
iv. More rarely in the bladder or kidney. 


Persistence in the first three regions may lead to the development of a 
chronic gleet, although chronic prostatic or vesicular infection may be 
present without any visible gleet. 


The routine procedure should be as follows :— 


(a) The patient is to be instructed to present himself when he has 
held his water for 4 to 6 hours. 

(6) The meatus should first be cleansed with an alcohol swab applied 
for about a minute, and an attempt then made to express 
secretion from the deeper part of the urethra. If this be 
present films should be made. 

(c) Massage of the prostate, seminal vesicles and Cowper’s glands, 
films being made of any secretion which appears at the meatus, 

(d) Urine should then be passed, and the first ounce collected in 
a sterile tube. This is centrifuged, and the deposit examined, 
smears and cultures being made. 

(c) Gonorrheal infection of the bladder or either kidney demand 

the co-operation of a trained cystoscopist to procure samples 

of urine from the bladder and both ureters respectively, for 
the purpose of comparative study by films and cultures. 


B. In the Female the gonococcus may be harboured for long periods 
in :— 
i. The urethra and para-urethral ducts. 
ii. The glands of Bartholin. 
ii. The cervix. 
iv. The uterus and tubes. 


Merely to secure a smear from the vulva is (save in the vulvo-vaginitis 
of children) of absolutely no value in demonstrating the absence of 
gonorrheal infection. 


Films and cultures should be obtained by the following procedures : — 


(a) The urethra should be examined for any discharge. After 
cleansing the meatus the urethral canal should be massaged 
forwards with the loop end of a fine hairpin through the 
anterior vaginal wall, or material may be secured by intro- 
ducing the Jooped end of the hairpin into the urethra itself. 
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(6) The cervix should be exposed with a speculum. After cleansing 
with a swab, a platinum loop should be passed into the: 
cervical canal. Menge’s tube is useful for obtaining secre- 
tion from the cavity of the uterus as well as from the cervical 
canal. 


(c) The contents of Bartholin’s glands should be expressed. | 


There is evidence that in chronic cases positive results are more often 
obtained immediately after the menstrual period. 


It is admitted that the above procedure, thorough and conscientious as 
it is, is of diagnostic value only when a positive result is obtained. A 
negative result does not eliminate the possibility that the gonococci are 
still in existence in other regions of the body, nay, even in the regions 
examined by the bacteriologist. The gonococci, it is known, may lie 
latent in epithelial cells, and while present may not be actively dis- 
charged at the period when the examination is made. 


II.—METHODS FoR THE IDENTIFICATION OF THE GONOCOCCUS IN FILM 
PREPARATIONS. 


1. Diagnosis cannot be based simply on the presence or absence of 
intracellular dvplococcr, even if of characteristic bean shape, and this 
because—— 


(a) The diplococci of gonorrhoea need not be intracellular. All 
or almost ali may be extracellular as in the very acute disease 
and in some cases of chronic gonorrhea. 


(6) The leucocytes escaping into discharges in the genito-urinary 
passages can take up other organisms which by single stain 
methods are not distinguishable from gonococci. 


The common practice of diagnosis by single stain methods alone is, 
therefore, not permissible. 


ii. The gonococcus is a Gram-negative organism. The majority of 
micro-organisms which may be confused with it are Gram-positive. The 
only way to exclude these Gram-positive organisms is by the. routine 
employment of the original Gram’s method, or a reliable modification 
of it. For official purposes microscopical diagnosis of the gono- 
coccus must be by Gram’s method. The limitations of this method are 
discussed below. 


Gram’s Method. 


In the course of years considerable variation has developed in different 
laboratories in carrying out the technique of staining by Gram’s method. 


The original recommendation of Gram(*) consisted in staining with 
Ehrlich’s anilin water gentian violet for 1 to 3 minutes, treatment with 
Lugol’s solution (iodine 1 part, potasstum iodide 2 parts, water 300: 
parts) for 1 to 3 minutes, decolorisation in absolute alcohol and counter- 
staining with Bismarck brown or vesuvin. 


It has been the experience of every bacteriologist that this original 
method is replete with possibilities of error, and demands constant super- 








(1) Fortschritte der Medizin, 1884, 2, 185. 


iad 
4 
4 


vision of the reagents and a carefully regulated technique. It will be 
serviceable to call attention to these possibilities of error. 


(1) Thickness of Film.—If the film be thick or irregular in its thick- 
ness, decolorisation becomes difficult, and Gram-negative 
organisms may in parts retain the stain. 

(2) Drying Over the Flame.—Itf this be accomplished too rapidly, 
and the film be subjected to too great a heat, ambiguous 
results are obtained. 

(3) Anilin Water Gentian Violet.—This has to be fresh; old solutions 
fail to afford a differential stain. 

(4) Lodine Solution (Lugol’s Solution)—To a slighter extent the 
same is true regarding this. With age and exposure it loses 
its differential properties. 

(5) Alcohol.—This must be absolute, z.e., 98 per cent. or over. 
Weak alcohol decolorises Gram-positive organisms. There 
is gradual decolorisation with absolute alcohol, but only after 
a length of treatment that is not employed in ordinary routine. 
tt should never be used for more than two minutes. 

(6) Counterstain.—Gram-positive organisms, which successfully re- 
sist exposure to absolute alcohol for two minutes may be 
decolorised, the gentian violet being masked—(a) if the 
counterstain be in too concentrated a solution, (6) if it be 
made up in a weak alcoholic solution, or (c) if when properly 
prepared its action be prolonged. As a result Gram-positive 
organisms may appear to be Gram-negative. 


To obviate these fallacies numerous modifications have been proposed 
(Weigert, Unna, Giinther, Nicolle). The most unsatisfactory step in the 
process is the employment of the unstable anilin water gentian violet 
combination. This has been replaced by carbolic acid gentian violet. 
Recently W. Jensen('), of Copenhagen, has shown that the intensifying 
action of either anilin-water or carbolic acid on gentian-violet is quite 
unnecessary,(*) and as his method removes the greatest stumbling-block 
in the way of successful technique, and gives excellent and consistent 
results, the Committee recommend that it be employed to the exclusion 
of the original method. Briefly, Jensen (1) discards the anilin water, 
(2) imereases the concentration of the iodine solution, and (3) counter- 
stains by neutral red. 

The exact technique of Jensen’s method may be described as follows :— 


1. Make the film thin and evenly distributed. 

2. Fix in the flame, taking care to avoid overheating. 

(In laboratories dealing with much routine examination, 
it is to-day almost universal to make films on the slide and 
not on the cover glass. Overheating is guarded against by 
testing the heated slide against the back of the hand.) 

3. Let the preparation become cool. 

4. Stain with a 0°5 per cent. aqueous. solution of methyl violet 
(6 B.) for one quarter to half a minute.* 

5. Pour off the mass of methyl violet solution and wash away the 
remainder with a drop or two of strong Lugol’s solution 
(iodine 1 part, potassium iodide 2 parts, distilled water 100 
parts). Do not wash off with water. 





(1) Berl. klin. Wehnschr. 1912, AQ, 1663. 

(?) Unna and others have shown that the essence of this process lies in the reaction 
between one of the para-rosaniline series of dyes (gentian violet, methyl violet and 
Victoria blue) and iodine in the presence of the bacterial body. 

* 'This solution remains stable for months. 
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6. Pour on a fresh quantity of strong Lugol’s solution and leave 
for one half to one minute. 

7. Wash off the iodine solution with absolute alcohol (not with 
water). | 

8. Pour on fresh absolute alcohol (98 per cent.) moving the slide 
from side to side as in developing a photographic film. A 
third quantum of absolute alcohol may be required to com- 
plete the decolorisation. 

9. Finally rinse with a few drops of absolute alcohol followed 
immediately, without any intervening washing in water, by 
a solution of neutral red.t Let this act for fifteen seconds to 
one minute. 

10. Wash in water; dry with blotting paper and in air, and mount 
in the usual way. 


To test the individual technique it is recommended that there be kept 
at hand pure cultures of a known Gram-positive organism, such as the 
Micrococcus (Staphylococcus) aureus, and of a Gram-negative organism 
(e.g., B. colr) and that parallel films of the two be made and stained side 
by side with the material under examination. 


On the limitations of Gram’s method in relationship to the diagnosis 
of gonorrhea. 


It deserves note :— 

(a) That Gram-positive organisms when taken up and digested by 
leucocytes may lose their Gram-positive character. 

(6) That more than one observer has. noted, in cases of chronic 
gonorrhoea in which the material is such that a satisfactory 
film is difficult to obtain, that organisms determined by culture 
to be gonococci retain the violet stain with unusual obstinacy 
and appear thus to be Gram-positive, 

(c) That the stain as such does not distinguish between gonococci 
and other Gram-negative, but non-pathogenic diplococci 
which may be present in both male and female genito- 
urinary tracts. 


The Committee are of opinion that these limitations do not seriously 
affect the diagnosis of the one order of cases in which, in their view, 
diagnosis by microscopical examination alone gives consistent results, 
namely the active acute cases of the disease; and that with the figures 
provided in Plate I. the danger of confusion with other actual or 
apparent Gram-negative organisms is reduced to a minimum. 


I{il.—Twue Cuntivation oF THE Gonococcus. 


Since the gonococcus was first successfully cultivated by Bumm 
in 1885 many different media have: been devised for the culture 
of this micro-organism. The numbers and diversity of the media 
employed appear to be an index of the difficulty of cultivating the 
organism and the dissatisfaction which the various authors have felt 








~ Make up the solution in the proportion of— 


Neutral red... on ses oa sich ne ee 1 grm. 
Distilled water Pa ies qe, ats ba »s«\c, A OOO Gem, 
1% glacial acetic acid ... se 2 ccm 


If this be found too weak, a somewhat stronger solution of neutral red may be 
employed. 
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with the media devised by others. Possibly this dissatisfaction may be 
due to the fact of different strains of gonococci varying in their 
adaptability to an existence on artificial media. More probably it is 
due to the omission from the various authors’ descriptions of details of 
preparation which are apparently unimportant, with the result that 
the copies have been less successful *than the originals, As an 
example, the influence of over-heating the medium designed for the 
growth of the gonococcus seems’ rarely to have been mentioned. though 
it has proved to be a factor of considerable importance, an over- 
heated medium producing a growth which is considerably feebler than 
one which has been sterilised with the minimum of heat. 


The various media which have been devised for the growth of the 
gonococcus may be divided into three categories : — 


(a) Those which contain human blood, blood-serum, or serous 
exudates, such as ascitic, pleuritic, or hydrocele fluid. 


(6) Those containing animal blood-serum. 


(c) Those which contain none of these but, in their place, artificially 
prepared enriching substitutes. 


Media which contain human blood sérum undoubtedly give the 
best results, and serum derived from shed blood is better than 
that of exudates, the latter being apt to vary in their constitution and 
prove disappointing. Animal serum is often good, that of horse, pig. 
rabbit and guinea-pig being perhaps the most successful, but the 
bactericidal action of sera derived from the same species of animal 
varies, and this has been found by some workers to be a cause of 
variability in the media prepared from them. Of the artificially pre- 
pared enriching substitutes, many have recently been prepared which 
have proved very successful in the isolation and sub-culture of the gono- 
coccus. It is true that the growth obtained on them may not be so good 
as some which may occasionally be obtained on media of class (b) above, 
but they are not so inconstant as these and are therefore preferable for 
routine work. 


In consequence of the diversity of opinions as to the best culture 
medium, a series of comparative tests has been carried out by Captain 
David Thomson, R.A.M.C., at the Rochester Row Military Hospital, and 
his results have been communicated to the Committee. Three media 
‘proved themselves eminently satisfactory : (i) Thomson’s human plasma- 
glucose agar, (11) Cole’s tryptic blood agar, and (iii) Gordon and Hine’s 
trypsinised pea extract agar, each of these having been prepared by its 
originator. The Jast named was prepared for the cultivation of the 
meningococcus, and it is quite probable that if the reaction of the medium 
were made + 6 (Hyre’s scale) instead of 1+ 1, it would enhance its value 
as a medium for gonococcus. 


The method of preparing each of these is given in Appendix I. 


JV.—METHODS FOR THE PRODUCTION oF A FocaL GonococcAL REACTION 


Long years before the gonococcus was discovered a common method of 
testing whether cure had been effected was by observing whether alcoholic 
or venereal indulgence brought about a return of the eleet. Since the 
causative agent has been known it has been found that the gonococci 
reappear in the discharge which is so induced. This renewal of 
the inflammation and discharge is most directly and most effectively 
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brought about by adopting the principle which Koch introduced with 
tuberculin. If, that is, there be a focus in which the gonococci are 
still present, by inoculating or vaccinating the individual with a suit- 
able dose of a suspension of dead gonococci* a focal reaction may be 
set up which is frequently accompanied by an active discharge containing” 
gonococci. In cases of metastatic gonococcal infection the reaction 1s 
manifested by increased pain in, or. tenderness of, the affected part. 
In either case 1t may be accompanied by a definite rise of temperature 
with or without malaise. 

This procedure is to be adopted with caution; there is danger, for 
instance, that, if present, a latent iritis or latent salpingitis may be 
lighted up, with serious results. 

An alternative and perhaps less desirable method of inducing ue 
discharge in cases of doubtful urethritis is the introduction of a 0°5 per 
cent. solution of silver nitrate into the urethra. 


V.—Tue ComPpLeEMENT Fixation TEST. 


It is clear from the foregoing statement of procedure that the 
conscientious examination of a case of suspected chronic gonorrhea may 
develop into a lengthy process, demanding repeated appearance ‘of the 
patient for examination, and, what is more, examination by trained 
specialists. 


Its obvious difficulties suggest the er of some test which 
will more simply indicate the presence of the gonococcus in chronic 
disease and in this connection it is necessary to discuss the complement. 
fixation test. 


During the last seven years a technique has been developed and tested 
_ which to a certain extent fulfils the needs of the case, a test which is 

on similar principles to those of the Wassermann test. Like the Wasser- 
mann test its technique is delicate and precise, and to ensure satisfactory 
results it must be performed by those with adequate training in sevologival 
methods. Its value is so much appreciated in the United States ‘that 
at one large hospital at least it is now the practice to test each blood 
sample obtained both for syphilis and for gonorrhea by the complement 
fixation method. 


As it is little employed in Great Britain the main data as to its 
development need to be set down. 


Miiller and Oppenheimt in Austria were the first to publish on this 
subject in 1906. They studied a case of gonococeal arthritis and em- 
ployed as antigen a suspension of a culture of gonococci in salt solution. 
Bruckt reported favourably on the reaction the same year. In 1907 
Meakins,§ of Montreal, working at Johns Hopkins Hospital, reported a 
series of cases of arthritis tested by this method. The findings of these 
and other earlier workers were somewhat contradictory; some cases 
afforded positive results, others, with a yet more definite history of 


gonorrheal infection and progressive gonorrheal disease, gave negative 


findings. The failure of these earlier workers to establish a satisfactory 











* A suitable dose is usually. 50 to 100 millions of an autolysed culture, or 100 to 200 


millions of a suspension of the cocci killed by heat. The correct dose for any freshly 
isolated strain must be determined by cautious trial beginning with a small dose. 
t MUELLER u. OPPENHEIM, Wien. klin. Wehnschr., 1906, 19, 894. 
Bruck, Deutsche med. Wehnschr. ae AS 0) cies 1368. . 
§ Meacrne, Johns Hopkins Hosp. Bull., Balt., 1907, 18, 525. See also VANNOD, 
Centralbl. f. Bakteriol. u. Parasitenk., Jena, 1907. Abt. I, Orig., 44, 10. 


s 
PN SEN Wai A A a Sea Gk Sra ad 


ees 


gabon 


sien 


Et Ei er ee 


eR EGEPL SE 


er 


Se pow 


pes 
ee 


it 


technique was shown by Teague and Torrey(*), whose work was con- 
firmed and extended by Wollstein(*) and Watabiki(*), to be due to the 
fact that there exist numerous strains of gonococci, which are so distinct 
that cultures obtained from one case and employed as antigen in the 
complement fixation test upon another clinically well-defined case of the 
disease, may yield a negative result. Torrey recognised as many as 
- 14 different strains of gonococcus. ; 

To guard against this defect Schwartz and MecNeil(*) (1911) intro- 
duced and employed -a polyvalent antigen, formed by pooling 
together several cultures known to be serologically distinct. They 
found that an antigen composed of six pooled strains failed to detect 
cases of clinically determined gonorrhcea which were detected by an 
antigen composed of twelve. To-day there is upon the market, provided 
by a well known American firm, an antigen containing all the 14 strains 
described and isolated by Torrey. The multiplicity of strains required 
to produce an efficient gonococcus antigen is a matter which demands: 
further study. 

Here it should be added that blood serum from one other disease 
only has thus far been recorded as occasionally affording a positive result 
when tested with gonococcus antigen, namely, cerebrospinal meningitis(°*), 
and here the observations are conflicting. The symptoms of the two 
diseases are so distinct that if there be this cross fixation it introduces 
no danger of false diagnosis. 

It is this test, as modified by the employment of a polyvalent antigen, 
that has been extensively employed in the United States, so that there 
is a considerable literature upon the subject, and on the whole a striking 
uniformity in the results obtained. Confirmatory reports have been 
published by Major (now Brevet Colonel) Harrison(®) in this country, and 
by Ower(’) in Canada. 


The Advantages, Iisadvantages and Limitations of the Complement — 
Firation Test. 


The obvious advantages of this indirect method of diagnosis are 
that :— 


1. It requires no preparatory directions to the patient or action on 
his part. 

uu. It may replace examination of the genito-urinary passages by 
removal of blood from one of the extremities, and may thus be conducted 
without a knowledge on the part of the examinee as to the nature of 
the investigation. 








() TracuE and Torrey, J. Med. Research, Bost., 1907, 17%, 223. See also TORREY, 
ébid., 1910, 22, 95. 

(7?) WoListEIN, J. Exper. M., N.Y., 1907, 9, 588. 

(3) WataBikI, J. Infect. Dis., Chicago, 1910, 7, 159. 

(4) Scuwartz and McNeiL, Am. J. M. Sc., Phila., 1911, 141, 693 and 1912, 144, 
815 and Scuwarvz, ibid., 1912, 144, 369. 

(°) Wollstein (1907) obtained crossed fixation between gonococcus antigen and anti- 
meningococcus serum and vice versa. Vannod (1907) obtained none. Schwartz and 
McNeil obtained positive results with Flexner’s anti-meningococcus serum, but none with 
sera from cases of cerebrospinal fever. Major Bowman, C.A.M.C., reports to this 
Committee that at Folkestone in the late epidemic the serum of two cases of cerebrospinal 
fever was found negative when tested against gonococcus antigen. It is in fact eminently 
unlikely that anti-bodies should appear in the blood after acute disease of but a few days’ 
duration, and quite likely that they should make their appearance after repeated injections 
such as are necessary for the production of an anti-meningococcus serum. Admittedly the 
-gonococcus and the meningococcus are nearly related. (See also p. 33.) 

(°) Harrison, J. Roy. Army Med. Corps, Lond., 1914, 22, 125. 

(7) Ownr, Canadian Med. Ass. J., 1914, N.S. 4, 1074. 
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ii. It demands the co-operation of no specialist beyond the pathologist. 

iv. Where a positive result is obtained the time consumed in arriving 
at a diagnosis is very much less than that demanded by the method of 
films and cultures. 

The disadvantages hitherto reported are that:— 


1. lt very frequently fails in acute gonorrhea. Antibodies do not 
accumulate in the blood in sufficient amount to bring about a positive 
reaction until the disease has progressed for some three or four weeks.(‘) 


il. Even where the disease has become chronic, negative results are 
obtained in those cases in which the disease has remained narrowly 
localised. Infection limited to the anterior urethra and fossa navicularis 
in the male gives no positive results; in the female it is generally 
accepted that the reaction does not show itself when the disease is con- 
fined to the urethra or vagina, but only when the cervix uteri has become 
involved, and the disease has ascended to the level of the uterus, and this 
in cases in which the gonococci can be demonstrated bacteriologically. 

ill. Where gonococcal vaccines are employed as a method of cure 
the complement fixation test is inadmissible. Of late, active treatment 
by injection of vaccines has become increasingly common.. 

iv. The blood serum of patients who have been treated with vaccine 
may continue to give the reaction for four months. Animal experiments 
indicate that once antibodies are developed in amounts sufficient to afford 
the reaction they continue to be produced for some weeks after the 
gonococci have disappeared from the system. Thus Torrey (loc. cit.) 
found that when the process of immunization of animals against the 
gonococcus is suspended no change in the complement fixation test is 
noticeable for ten days; at the end of this period the antibodies in the 
blood begin to be eliminated rapidly, though they persist for some weeks 
afterwards. It follows from these observations that positive reactions 
are obtainable for some weeks after complete cure. From a public health 
point of view it is open to question how far this is to be regarded as 
telling against the method, how far as a distinct advantage as a safe- 
cuard. 


v. It may give non-specific results. Uhle and Mackinney(’) had 
the sera of 141 individuals tested by each of four competent 


serologists. Of these 141, fifteen were what they regarded as. 
normal controls, believed never to have been infected with gonor- 
rhoa. Only one of the four laboratories reported all the fifteen as 


negative, two of the laboratories reported one of the fifteen as positive, 
the fourth found two of them positive. Similar discrepancies occurred with 
the 87 sera of patients suffering from other diseases who denied having 
had gonorrhea. One observer found all these negative, another observer 
reported as many as five (13°5 per cent.) with positive complement fixation 
test. But these observations are weakened by the fact that the authors. 
merely state that the observers were competent without giving any 
indication of the extent of their experience, nor are we advised regarding 
the technique employed in each of the four laboratories, or as to the 
status of the laboratories. Admittedly even competent serologists need 
considerable experience with the method before consistent results are 
ensured. The observations may thus be on a par with the known dis- 
crepancies which occur in connection with the Wassermann test when in 
the hands of those without extensive training and experience in the 
performance of that test. Workers inthe best American laboratories who 





(1) THomas and Ivy (Arch. Int. Med., Chicago, 1914, 13, 143) note that in the absence: 


£ any complication they failed to obtain positive results within six weeks. 
CoM, Yond MJ (ate), 1915, -102- 437. 
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are careful to describe their technique, agree with singular accord 
in laying down that a positive complement fixation reaction is most 
reliable, more specific in fact than is a positive Wassermann test. 
It is asserted that, contrary to what is the case in syphilis, there is no 
non-gonococcal infection in which the blood serum gives a positive re- 
action. Reference has already been made (on p. 11) ‘to the case of cere- 
brospinal fever with its allied micro-organism. The observations of 
Thomas, Ivy & Beardsall(*) that out of 180 cases of possible gonorrhea, 
5 gave a positive reaction with an antigen formed of 3 strains of JMJvcro- 
coccus catarrhalis has no direct bearing.(?) What is necessary, and to 
our knowledge has not yet been afforded, is the demonstration whether or 
no infections with the Micrococcus catarrhalis afford positive reactions 
with gonococcus antigens. 


It will be seen from the above that while it cannot replace other 
methods of diagnosis, the complement fixation test may, in certain cases, 
be the only laboratory means by which a gonococcal infection may be 
diagnosed. It is most likely to be of value in cases of metastatic 
infection where direct demonstration of the gonococcus may be difficult, 
if not impossible, and it is in these that the highest proportion of positive 
results is obtained. 


As for the Wassermann reaction, and for the same reasons, the Com- 
mittee cannot at present recommend any one standard method of comple- 
ment fixation. They can at most append the methods of four careful 
observers, each of which has been well tested, and invite workers in this 
country to report their results with one or other method and so. 
improvements. 


They recommend that such steps be taken as are necessary to secure 
the provision of an official standardised polyvalent antigen. It would 
be an advantage if in addition the polyvalent gonorrheal antigen 
supplied by one or other firm were issued under Government control, 7.e., 
that each batch of such antigen be tested’ officially and issued with date 
of preparation, serial number, and certificate that it has passed the official 
test. 


They recommend that in tests made for official returns the method of 
complement fixation employed be clearly stated. 


They are of opinion that the laboratories in which gonorrheal comple- 
ment fixation tests are performed for the public services should be few 
rather than many, the laboratories selected for the performance of 
Wassermann tests being utilised for this purpose. 


The fact that the complement fixation test for gonorrhea has not, so 
far, with rare exceptions, been employed in Great Britain, makes it 
possible to recommend that reports upon this test be accepted only from 
pathologists who have been thoroughly trained in the per formance of the 
test and of the control observations which are necessary for it. In 
respect to payments for this test, it should be placed upon the same 
footing as the Wassermann reaction. 





(}) Arch. Int. Med., Chicago, 1915, 15, 265. 

(?) In four out of these five the same serum gave a stronger positive reaction with 
polyvalent gonococcus antigen, the remaining one was negative with the polyvalent 
gonococcus antigen. See also the same authors in Surgery, Gynaecology and Obstetrics. 


1914, 19, 390. 
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VI.—Tue Kerepine or ReEcorps. % 


For statistical and departmental purposes itis important that each } 
venereal clinic should keep a card index or other accurate record of all — 


cases of gonorrhcea presenting themselves for diagnosis. Fach card or — 
form should afford the following data : — 3 
z 
ParTIcuLaRS oF Casz or SusPEcren GonorRH@A. ; 
Identification number or letter of patient.................. Diabetes cess. lead) Mice eee i 
BOO, icici Mice. oF RON is Ad ea amt Mien: Name of clinic, .:.Acimedsetls. aie o a, Ae oe 
Character -of Desi 6 15ic.5.0. oils adi S eRe 1 LEG cM EOE gai OA Ee Bee 
Number: of opreviqus attacks isi. oth Lie AI I, eae 
Probability. of: present: attack being a ‘relapses Mi. Le 
Length of time disease has existed... 2. .liccssleesaesihcesdidepesscdsc<5 eee ee ee. 
MO COR He, sOosres BEL, ahi es othe AR knee A A Ee sk Te 2 
Complications 
MO LASLAUEC:. cliay.' jovepsachioy «ieeen toes shane sedles ve deal ds «<6 $8 CE at Cae ee 
Nature of treatment previously, 2IVEN 205 c.c..<ssusiness oo venmwides «00 sbedseee dent seh eeceeenees 
Nature of any co-existing venereal disease....................ccccesceeceeeccsecccusccuseeuseeas 
Diagnosis now made, positive or negative (delete word not applicable). 
Methods of diagnosis employed, as below (underline which)— 
Clinical signs and symptoms only. 
Detection of gonococci in secretion( Obtained direct. bid Sa ie 
from (state which part)............. » after provocative injection of 
vaccine. 
ie ats PERUANO Hate Evid cca aii gk Ue incssnletben teal bein aes 
Complement fixation. ’ 
Co-existence of other micro-organisms. : 
Nature of, breatimene Sri ployed 5.35 Liat saduieiecogads swore ouadahies obec taut eee tee aes , 
Bhimnal esl boy dat sy cared dake a obtereagees Rebate sc atatenlany Mimeree Mam tae cabana tac toma eit bas AR RG cot ee ; 
Nature of tests employed to determine the final result should be clearly stated. i 
Each laboratory performing tests for venereal disease should forward 
to the proper authority a return of the results obtained at least once a 
quarter. In the opinion of the Committee, this would allow a steady 
supervision of the laboratory results and of the accuracy of laboratory 
routine, at periods not too far apart to permit serious defects to remain 
long unnoticed. 4 
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It is recommended that such returns, for cases of gonorrhea, actual or 
suspected, should be made on the following form : — 


LABORATORY REPORT ON EXAMINATIONS FOR GONOCOCCAL 
INFECTIONS. 


CPA PTEN CGT fevcaed dovcscckeagesceccdeotasapemasavons 





A.—Microscopical Examination of Stained Specimens. 








No. which | No. which 
Total N Lise contained | contained | No. which 
Number - : an Gonococci| no Gono- | contained 
Sources of Specimens. of ne ainec| and also | cocci but | no Micro- 
Breage he other other organisms 
tions. only. Micro- Micro- at all. 
organisms. | organisms. 
BOE REG ee sad ibs Squealer saa oamosla cooueds ew ticund WauunnannetTanes Shiaek Bebe Aeteae pNease Two tence 
Pomaie. Urethra on... bcisccucosees lis borwcaube gnarl oupiokae i eatnal Wed set saaanielh Saat easasweras beaaey emcee tgs 
REE POP N ccareee canesagcnednewoncs Lea's Grace Maem eine wa diits te tavcteclisea eae ela MARA Th GRRE a See acoe lnae Reels aire eam 
rm CALAIS, 2. cass ncedangoilsandsandoterasaethlans flicnanued ti dea ure ieee eee Peper ee 
Other parts as under :— 

















.| Negative. 


Remarks. 


Nature of Affection. 








Total « Number Number 





; fa? d = : a 
Cn ee eee eee) a a 
ine in ex 
i <a qq ey = a 
| { ) 
Acute uncomplicated, | ) 
COG sa ie Eee RE Pen AE pees Pike En SURI ND ca NOME RUE Us Ritts 
Chronic uncomplicated | | 
MONO OA a ays aisie Sana Paani lewis « Wave coisas} ss Et MAROON itera ntate dente nah date wan aah chil Gaius liids » 
pea, | 
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U.— COMPLEMENT FIXATION TESTS—cont. 





Number os Number 
Tested ositive. Negative. 

Nature of Affection. ee ea Remarks. 
& 3 ee 38 ne 8 
e\Fle|ela|é 

BOWE eter) ut) alle in et 





Gonorrhea complicated 
as under :— 

Cowperitis 
Prostatic Abscess 
Chronic Prostatitis 
Epididymitis 
Ophthalmia 
Salpingitis 
Peritonitis 
Arthritis 
Teno-Synovitis 
Bursitis 


Other Metastatic Gono- 
coccal A ffections as 
under :-— 


eee eee eeeseseeeressesseceecvetseoccee|) 


Non-Gonococcal A ffec- 
tzons as under :— 


Ceereseoesecofcoeccses 


eecoteosnee 


eoeteeeoes 


Cosecceccpecovce 


eoneersrecccofeosesce 


@oeerereseeecehsecsee 


eee ooes oes oetecesce 


Serene resrceesojooovres 


eeeereseeesseseotocesce 


eee eeesereeeoerseeosccotossses 


eeorevraedeosece 


seer eefo oe eccleansecehoeosee 


eee eo eeho csr ec cece roche oesee 


eee econ ees oeisocecefecscce 


eee reofe coco sleooseceehseoseoce 


eeeeeetoeooce 





Cd Oe ee ee ee al 


eeeeeetooerees| 


eoeceeeteoeccec, 





Sle 070) /eifle [ee jnie!e\e sie ¢,e/e\e cjeie/0i0\6,09 0:0 01610)6 0610/4 4.0.0.6 elelsieie eisie’e eal 
oiols jeeiiellieevejsiee](01s\eiaieleituaveleiele)eie’s\sinieleielelvieve)siajeloleiereialetoieleveierelsiate 
GEOIOO OOGO ROCIO NCO OOO JOCOCHOOUO OOO HOC NROOBOOOR a> 
|; Sie @\@Te/ ei e\ere ielele)4\e\6ie/e/0/e'a{s) s\aleleieie|syale\eleie eis iele¥elel elalelerajeisie/siaielelerere 
GODDOC OC OCOD OU SOOO AIODUOOODODDDONC 5 AGONAANGONOOouS 
jicleie ere ye)h s'bieie a¥e oialsteyee)e\sie/eiaie) eieleles\s/e\elelo'e) eleieie alaieisjeleisiateieievsinrete 
[iste (e)(¢j0\[0 fhe: 6 (citelaliee1e felereveieis (e1si8/6\el Velo «\ele.0\eiele/e/eieleleleisielaleipieisinveteieiete 
CODD) OO CICOICEO COICO CUO OOOUMOOUIDIOUC OOOCNOOOLIOE An aS oo 


PAOLO O1OLO Me @: ©: 6)0/s) 8) 018) SL eerelecelereie:evele)siatelele‘e! le eeleele @ele'elele|sislelsieleicls 





PAPC CLOLC TE ©) 000 0.00 @, © oleracea 0! 0) 66007001076 0\olo 6 01016 0:61a'e 68) eileen cies e7s\s 
SIONS LO OAC BC 0:0 '0 0.0, 060.0 /w (0: 9)'0/ 8).0'0)(6).6'010) 0.650007 e\e ee le'nte 6108 0.8610 0 60.010 6 6fe 


{LEASE AH SEONG DONO AG, O\-01 0\ 8 eh eKeTexerereerejetaieievateleleielele eieleeiaieleveierel evele bs ieletercue 


SERISS ONC {P1G @ Lene 8/2 \0\'8 16 60; Hie) ere! ol6) 60! eve} e}\pieleia) es lelelelele eel eisiele’s elete etete sre 
SPEC NOAA TS O66 G18 O16; 0. aoe ley Oie" eveneeeleietete* ieee 6) eee! e'e 6 0)6 8 eles isieie ale ele. 


SACRO OE OES ER Ahe 016 ar Sa oar eaaiie ele el eleiereialeteve ee leielele eles aisle elpieleislsle le ere edie 








Nore.—In the report on complement fixation tests do not include-one 
more than one heading. In choosing the heading, 
a metastatic compli 


specimen under 
whenever applicable, include under 


cation rather than under one which is due to transfer of the 
gonococci by other means than the blood stream. 
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EXPLANATION. OF PLATES I. and II. 


All represent drawings from gonorrhoeal urethral smears, stained by Gram’s 
method (Jensen’s modification). Magnification, about 1,000 diameters. 5 


Plate I. 


A.—Shows pus cells containing intracellular gonococci, also some lying extra- 
cellularly. Note that they are Gram-negative and kidney shaped. 


B.—This is a composite painting made up from various urethral smears to. 
show the different varieties of secondary organisms which frequently occur 
in gonorrhceal pus, more especially in chronic cases: All these secondary 
organisms may occur within pus and epithelial cells, but more commonly 
they he extracellularly. Nos. 1 to 6 are painted from the actual speci- 
mens. Nos. 7 and 8 are somewhat diagrammatic.. Nos. 1, 2, 3 and 5 are 
the most common types found. ~ ° 


1.—Pus cell showing Staphylococcus albus—Gram-positive. Note that some are 
_ lying partially digested in vacuoles and have lost their gram-positive 
character. 


2.—Pus cell showing a diphtheroid bacillus (Xerosis type)—Gram-positive. 


3.—Pus cell showing a short Gram-positive Diplobacillus with pointed ends, 
indistinguishable morphologically from the Pnewmococcus. | 


4.—_Shows a similar organism to No. 3, except that it occurs in chains, 
resembling a Streptopneumococcus. 


5.—Shows a small Diplobacillus—Gram-negative. It assumes yarious shapes 
and coccoid forms; the latter are not kidney-shaped but lanceolate. 


6.—Pus cell with a large Gram-negative bacillus. 


7._Shows the Diplococeus magnus of Rosenthal (?) or ‘‘ Pseudogonococeus.”’? It 
is weakly Gram-negative, and is four times as large as the Gonococcus. 
It occurs rarely in the urethra, more commoniy tn conjunctivitis. 


8.—Shows a diphtheroid bacillus with clubbing and involution forms—Gram- 
positive. 
Plate I. 
1.—Shows an epithelial cell containing numerous Gonococct. 


2.—Shows an epithelial cell containing many Staphylococci and a few diph- 
theroid bacilli (Xerosis type). 

3.—Shows an epithelial cell containing diphtheroid bacilli (Xerosis type) and a 
_few Staphylocecet. 


4..__Shows an epithelial cell containing numerous Gram-positive Dviplobacill 
resembling Pnewmococcr. 


> 
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APPENDIX I. 


THE PREPARATION OF MEDIA FOR GROWTH OF THE GONOCOCCUS. 


The Committee are indebted to the authors of the media referred to in the text, 
namely, to Captain David Thomson, R.A.M.C., to Lieut.-Colonel M. EH. Gordon, 
C.M.G., R.A.M.C. and Major T. G. M. Hine, R.A.M.C., and to Mr. Sydney 
W. Cole, M.A., for the following detailed descriptions of the methods of prepara- 
tion of their media :— 7 


T.—Houman Prasma Guiucosr-AGar (THomson). 


One of the most important points in the preparation of this medium is avoidance 
of prolonged heating in any of the stages where heating is necessary. 


A.—Preparation of Double-strength Meat Extract. 


Take a bullock’s heart and cut away all the fat. Cut the heart into small 
cubes and mince them. Weigh the mince and place it in a pan with as many 
c.c. distilled water as there are grammes of heart. (2) Heat the mixture gently, 
stirring meanwhile with a glass rod until a temperature of 40° GC. is reached. 
Keep at this temperature for 20 minutes. (3) Raise to boiling point and keep 
boiling for 10 minutes. (4) Strain through a perforated enamelled iron strainer and 
four thicknesses of butter muslin. (See Fig. 1). 


ENAMELLED 
STRAINER_ 


BUTTER MUSLIN 








Fic. 1. Srraining or MgEat EXTRACT, 


B.—Preparation of Disodium Hydrogen Phosphate Solution. 

Dissolve 10:00 grammes disodium hydrogen phosphate (N a,HPO,) in one litre of 
sterile distilled water. 
C.—Preparation of Nutrient Disodium Hydrogen Phosphate Bouillon. 


(1) Measure the double-strength meat extract into a sterile flask and add to it 
an equal volume of the disodium hydrogen phosphate solution. 


ro 


(2) Weigh out as much good commercial peptone as will make a 1 per cent. 
solution when mixed with the whole of the extract prepared as under (1). Take 
about a quarter of this extract, heat it to 60° C. and, in a mortar, mix it with 
the peptone so as to make a smooth paste. 


(3) Add this emulsion to the extract in the flask and steam in the Koch steamer 
for 45 minutes, in order to complete the solution and stabilise its acidity. 


D.—Preparation of Nutrient Agar from the above. 


Weigh out sufficient agar-agar to make with the amount of nutrient bouillon 
prepared as above a 3 per cent. jelly. Mix this into. a smooth paste with about 
one-third of the product of C (8), which must be cold. Add the mixture to the 
remainder of the nutrient bouillon in the flask and steam in the Koch steamer 
until the agar is dissolved. This should occupy not more than 60 minutes in the 
case of powdered, and 90 minutes in the case of shredded, agar. 


(2) Allow the agar to cool to 60° C., whip the white of one egg for every 300 c.e. 
of the agar solution and add the froth to the latter. Replace in the steamer and 
steam for 30 minutes. 









FILTER PAPER. 
FILTER PAPER PULP 


FILTER PAPER. 


Fic. 2. MreruHop or FILTERING MEDIUM. 


(3) Filter in the steamer through a layer of cotton wool laid in a funnel, or outside 
the steamer through paper pulp laid on a Buchner funnel fitted into a vacuum 
flask (as shown in Fig. 2). Filtration should be as rapid as possible, as the medium 
deteriorates if it is kept long in the steamer. 


(4) Titrate carefully, using phenolphthalein as the indicator, and make the final 
product + 6 (Kyre’s scale). 


(5) Add to the agar solution sufficient glucose powder to make of it a 2-5 per cent. 
solution of glucose. 


(6) Replace in the steamer and steam for 20 minutes. It is better to attempt 
sterilisation with one steaming than to steam on two or three successive days, and, 


with care over the aseptic technique of the preceding steps, this is usually 
successful. 


(7) Tube the agar in sterile test-tubes, placing about 4 c.c. in each. Store the 
tubes of agar in the ice-chest. 


E.—Addition of Human Plasma. 


Provide the following :— 


Apparatus for the drawing off of blood from a vein into sterile test-tubes. 
sterile 10 c.c. centrifuge tubes, each containing 2 c.c. of a sterile 2 per cent. 
solution of sodium citrate and plugged with cotton wool. 
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Corks or rubber bungs in alechol to fit ihe centrifuge tubes. 

Sterile 10 c.c. pipettes. | | 

From any volunteer draw off about 20 ¢.c. of blood into a sterile test-tube and 
fill up centrifuge tubes at once with the freshly drawn blood. Cork the latter with 
one of the corks provided, having previously flamed off the alcohol, and spin in 
the centrifugal machine until the cells are deposited. Melt the required number 
of agar tubes, prepared as described above, and reduce their temperature to 60° C. 
Pipette off the supernatant plasma in the centrifuge tubes and add 0-5 to 1-0 c.e, 
of it to each of the agar tubes. Mix the agar and plasma by rolling the tube 
between the hands, and slope in the usual manner. As a rule the yield from each 
centrifuge tube is about 6 c.c., or about enough for 10 tubes. : 

Incubate for 24 hours to make sure the medium is sterile. 


II.—Tryptaming Mepia (CoE). 


To facilitate and improve the preparation of these media the descriptions given 
below deviate in some details from those afforded in two previous reports to the. 
Medical Research Committee. (1) 


A.—Tryptamine-Blood-Extract Agar (“ T.B.E. Agar’). 


(i) The Pancreatic Extract.—The alcoholic extract previously recommended is. 
now expensive to prepare owing to the searcity of alcohol. The stability of the 
trypsin in the solution is decidedly inferior to that obtained by the method 
described below. 

Fresh pig’s pancreas is freed from fat, as far as possible, minced finely in a 
machine and weighed. For every gram of the mince is added 3 c.c. of 0:5 per cent. 
hydrochloric acid (by weight). “This can be prepared approximately by diluting 
13°7 ¢.c. of pure concentrated hydrochloric acid (Sp. gr. 1:16) to make 1000 c.c. 
with distilled water. The mixture is well stirred at intervals for 30 minutes. For 
every 100 c.c. of 0:5 per cent. hydrochloric acid used there is now added 6:4 ¢.c. of 
5 per cent. caustic soda. This usually gives a reaction about Py=4-7, which results. 
in a readily filterable mass. 

The mixture is well stirred and filtered on a large folded filter. If the correct 
amount of acid has been added the filtrate is perfectly clear. It is shaken with a 
little toluol and the reaction made less acid by the cautious addition of 10 per 
cent. caustic soda. The optimum reaction for the preservation of trypsin seems 
to be about Py=5'5. This can be obtained roughly by adding the alkali until a 
portion of about 3 c.c. gives only a faint reddish tinge with a few drops of a 0:02 
per cent. alcoholic solution of methyl red. It should be stored in a stoppered 
bottle in a cool, dark cupboard. 

(ii) The digestion of the Casein.—To about 1, litres of water (distilled, if readily 
procurable) in a large vessel gradually add 300 grams of the commercial casein 
known as “ lait-proto, No. 6(2),”’ dusting it in and stirring well to avoid, as far 
as possible, the formation of lumps. Transfer to a Winchester quart, which has. 
the 2000 ¢.c. level roughly marked by means of a label, by means of a funnel with a 
wide neck. Wash out the mixing vessel and the funnel with a jet of hot water, 
adding the washings to the main bulk. Make the volume up to 2 litres. Shake 
well to break up any lumps. As the amount of alkali in the casein is not quite 
constant it is advisable to test the reaction of small portions of the mixture with 
cresol red and with phenol phthalein. The optimum reaction for the tryptic 
digestion of casein is about Py=8-1, at which reaction cresol red gives a reddish 
violet colour and phenol phthalein remains colourless. Should cresol red give a 
yellowish colour it is necessary to add 10 per cent. caustic soda in 5 c.c. portions 
to the bulk until the desired point is reached. The mixture must be well shaken 
after each addition of soda. If the original solution gives a reddish tinge with 
phenol phthalein it is not necessary to adjust the reaction by the addition of acid. 

To the alkaline solution thus prepared add 120 c.c. of the pancreatic extract and 
10 c.c. of toluol as a preservative. Stopper with a cork, shake thoroughly and 
incubate at 88 to 40 C. Shake the bottle well the next day to break up any lumps 
that may still remain. Allow the digestion to proceed for 10 days, shaking 
occasionally to keep the fluid saturated with toluol, a few c.c. more of which 
may be added if necessary. At the end of the digestion the mixture is transferred 
to a 8 litre flask, treated with 15 ¢.c. of concentrated hydrochloric acid diluted to- 
200 c.c. with water, shaken, steamed for 20 minutes and filtered. To the filtrate 








() Coun, S. W., and Luoyp (Miss), D. J. H., Journ. of Pathol. and Bacteriol., 1917,. 
Oa AGG: 

Coun, 8. W., and Onstow, H. Lancet, 1916, ii. 9. 

(?) This is manufactured by Casein, Lid., Culvert Works, Battersea, S.W. 
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5 per cent. caustic soda is added until the reaction is nearly neutral to litmus, but 
it is important that it should not be alkaline to this indicator. The fluid thus 
obtained is known as “‘ stock tryptic broth ”’ or ‘‘ Tryptamine.’’(*) 


(111) Preparation of the Agar.—To 1 volume of the above broth add 2 volumes of tap 
water, and, if necessary, render the mixture distinctly acid to litmus by the cautious 
addition of strong hydrochloric acid. Add agar (powdered or fibre) to make 2 per 
cent. Dissolve by steaming and filter according to the usual laboratory procedure. 
To every 500 c.c. of the agar at the temperature of 65° to 70° C. add 50 c.c. of 
defibrinated sheep’s blood and one egg-white, well beaten. The addition of the 
egg-white is found to assist in the subsequent formation of the clot and materially 
to improve the final yield. The mixture should be transferred to (Erlenmeyer) 
flasks, and must be, steamed for 45 to 60 minutes. The best yield is obtained by 
steaming in volumes not greater than 1 ltre. The bulk of the clot can be very 
rapidly removed by straining through a fine wire sieve, the clot being squeezed by a 
glass plate or clock glass. The final clearing is effected by straining through a 
mat of glass wool supported on a perforated filtering disc in an ordinary funnel, 
the whole being kept hot by means of a hot water funnel. On no account must 
filter paper or cotton wool be employed. 


(iv) Adjustment of Reaction.—The reaction is brought to a hydrogen-ion con- 
centration of Pg=7'6. The method adopted is that used by Cole and Onslow.(?) 


The method is based on the fact that solutions with the same hydrogen-ion con- 
centration give the same tone and intensity of colour with certain special indicators. 
As bacteriological media are generally coloured, allowance must be made for this 
by viewing the standard solution through a layer of the medium employed. It is 
important to keep the relative concentrations of the indicator in the standard and 
test solutions quite constant. The effect of dilution of bacteriological media on 
the hydrogen-ion concentration is relatively slight. The tubes used for the method 
must be of thin clear glass, of exactly the same diameter. The stand figured below 
is adapted to hold special test-tubes having an external diameter of five-eighths of 
‘an inch.(°) 





Stand to hold six test-tubes for colorimetric estimation. 


In the method described the comparison is made with tubes containing phosphate 
solutions of Py 7°5 and 7:7, it being desired to obtain a tint intermediate between 
these. If preferred a single tube containing a phosphate solution of Py 7:6 can 
be employed. This is left to the choice of the worker, some preferring the single 
tube, whilst others find it easier to get between two limiting tubes. 


The standard solutions required are best prepared by adding standard soda to a 
standard solution of acid potassium phosphate (KH, PQ,). 


0:2 M. Acid Potassium Phosphate.—Dissolve 27:231 gm. in distilled water and 
make up to 1 litre. 








(1) A concentrated solution of Tryptamine can be obtained from Messrs. Baird & 
Tatlock (London). 

(7) Loe. cit. 

(3) The colorimeter stand and special test tubes can be obtained from Messrs. Baird & 
Tatlock (London). 
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02 N. Sodium Hydroxide.—This can be prepared by diluting accurately 
standardised normal soda with four times its volume of distilled water. To get 
exact results the soda should be free from carbonate. This can be obtained by 
the method given by Clark and Lubs,(+) but for this purpose the ordinary soda 
gives a sufficient approximation. 

Standard Solution Py=7:5.—To 50 c.c. of the acid potassium phosphate add 
41:2 c.c. of the 0-2 N. soda and dilute with distilled water to make 200 c.c. 

Standard Solution Py =7:6.—To 50 c.c. of the acid potassium phosphate add 
42°8 c.c. of the 0-2 N. soda and dilute with distilled water to make 200 c.c. 

Standard Solution Py=7:7.—To 50 c.c. of the acid potassium phosphate add 
44:2 c.c. of the 0:2 N. soda and dilute with distilled water to make 200 c.c. 

Indicator, 0:02 per cent. solution of phenol-sulphone-phthalein (‘‘ phenol red ’’). 
This can be obtained(?) in phials containing 2 c.c. of a 0°6 per cent. solution, suffi- 
cient to prepare 60 c.c. of the dilute indicator required. 

Into tube (1) measure 5 c.c. of phosphate solution. Py /°5, and 0 > eer oe 
phenol red. 

Into tube (5) measure 5 c.c. of. phosphate solution. Py=7-7 and 0°5 c.c. of 
phenol red. 

To tube (4) add about 5 c.c. of water. : 

Measure exactly 10 c.c. of the hot agar into 40 c.c. of cold distilled water and 
mix well. Before it has set measure 10 c.c. into tube (3) and add 1 c.c. of phenol 
red. 

To tubes (2) and (6) add about 5 c.c. of the diluted agar. 

Titrate the diluted agar in tube (3) with N/20 soda, preferably from a micro- 
burette, mixing well by closing with the thumb and inverting two or three times. 
If a microburette is not available the titration can be done by means of a 1 c.c. 
pipette graduated in 1/100ths c.c. Continue the addition of the soda until the 
colour tint seen by holding the box to the light and viewing through Y approaches 
that seen through X. Note the amount of soda used and add half this volume 
of distilled water to each of the tubes (1) and (5), the purpose being to keep the 
indicator at the same concentration. Continue to add the N /20 soda to tube (38) 
until the tint seen through Y is intermediate between those seen through X and Z, 
distilled water being added to tubes (1) and (5) as the titration proceeds. It is 
generally necessary to melt the agar at intervals by immersing the tube (8) in 
boiling water. It is of the utmost importance that the solution be well cooled 
before the colour comparison is made, as the tint is much affected by temperature 
variations. 

The total amount of N/20 soda required for 10 c.c. of the 1 in 5 agar is read 
off. Twenty-five times this amount of normal soda is then added to each litre of 
the melted agar, and the whole well mixed. 

The medium is now ready to be tubed and sterilised. It is probably better to do 
this by the intermittent method of steaming for 15 minutes on three successive days. 
For most purposes it can be done by steaming in the autoclave for 5 minutes, 
raising the pressure to 10 Ib. per square inch, i.¢., obtaining a temperature of 
115° C. and cutting off the heat as soon as this point is reached. 

After sloping the tubes must be incubated at 37° C. for 24 hours. If they are 
kept several days before inoculation, this preparatory incubation may be omitted. 


B.—Tryptamine-Blood-Extract Broth (‘‘ T.B.E. Broth ’’). 


Dissolve 15 grms. of gelatine in 333 c.c. of tap water. Add 167 c.c. of tryptamine, 
50 c.c. of defibrinated sheep’s blood, and one egg-white, well beaten. Steam for 
an hour. Strain off the clot by means of a fine wire sieve, squeezing the clot 
well by means of a glass plate. Cool to 45° and measure. To every 100 c.c. add 
2 c.c. of the pancreatic extract described in A (i), or of any other suitable tryptic 
preparation. Place the mixture in a tall cylinder and allow it to stand at room 
temperature over night. Siphon off the clear fluid, which must not be filtered 
through filter paper. The liquefaction of the gelatine can also be effected by incu- 
bation for two or three hours at 37° C., but the resultant broth obtained by this 
method is apt to be cloudy. 

The medium must now be adjusted to Py=7'6. This is done in a manner similar 
to that described in A (iv), except that in tubes (2), (3) and (6) are measured 5 c.c. 
of the broth. To tube (3) is added 0:5 c.c. of phenol red. This is titrated with 
N/20 soda from a burette until the tint seen through Y is intermediate between 


DN HiME maint eR Mee 
(1) CrarK, W. M., and Luns. J. Bact., Balt., 1917, 2, 22. 


(*) This. and other valuable indicators, are manufactured by the Cooper Laboratory of 
Economic Research, Watford. 
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that seen through X and Z. In this case the volume of water that has to be 
added to (1) and (5) is the same as the volume of soda employed. 

For every 0:1 c.c. of N/20 alkali required for the 5 c.c. of broth, 0-1 c.c. of 
normal soda is added for 100 c.c. of broth. Sterilise by steaming or autoclaving as 
described above. 

This medium is mainly used for testing fermentation reactions. Glucose, maltose 
and sucrose are employed in 1 per cent. concentration. The best indicator is 
phenol-sulphone-phthalein, 4 c.c. of a 0:06 per cent. solution being added to every 
100 c.c. of the sugar broth. 


C.—The Preparation of Tryptamine-Spleen Broth. 


Remove the capsule from a bullock’s spleen (milt). Mince the pulp and weigh. 
For every 100 grms. of pulp take 200 c.c. of water and 9 grms. of gelatine. Dis- 
solve the gelatine in the water, cool to 40° C. and add it to the pulp. Incubate 
for two hours at 37° C. For every 1,000 grms. of spleen pulp taken add 20 c.c. 
of defibrinated sheep’s blood. Add also one egg-white for every 500 c.c. of the 
total mixture. Steam for an hour. Strain through a fine wire sieve. Cool to 
45° C. and measure. To every 100 c.c. add 2 c.c. of one of the pancreatic extracts 
mentioned above. Place the mixture in a tall cylinder and allow to stand at room 
temperature over night. Siphon off the clear fluid and measure. To every 100 c.c. 
add 50 c.c. of tryptamine broth. Adjust the reaction to Pg=7°6 as described for 
the T.B.E. broth. Tube and sterilise by the intermittent method. 


D.—The Preparation of Tryptamine-Spleen-Biood Agar. 


Prepare tryptamine-blood-extract agar, as described above, except that 2°5 per 
cent. agar is employed. Adjust the reaction to Py=7:6, as described in A (iv). 

To 200 c.c. of this add 100 ¢c.c. of the tryptamine-spleen-broth, also adjusted to 
Py =7'6. Tube and sterilise. 


IiI.—Trypsinizep Pra-Exrract Acar (‘‘ TRypacsR ’’) (GORDON AND Hine). 


A.—Preparation of Saline Pea Extract. 


Take 100 grammes of peaflour (Pearce Duff’s) and add 1 litre of distilled water with 
100 grammes of salt. Mix and steam for half-an-hour, stirring occasionally. Allow 
to settle and filter, then sterilize and label ‘‘ Saline Pea Extract.’’ This pea-flour 
extract should preferably be freshly made for each batch of agar. The filtering 
should be done through an English make of Chardin’s filter paper, which may be 
obtained from Messrs. Baird & Tatlock; ordinary filter paper or wool must not be 
used. The quality of the peaflour is of great importance. The extract may be 
tested by adding one drop of concentrated HNO,, when a heavy precipitate forms 
which should dissolve in excess of the acid. This test, however, is not of very much 
value; the only real test is that of ‘‘ growth’’ when the extract is made up with 
the medium. 


B.—Preparation of Trypsin Broth (Douglas). 


Take some fresh bullocks’ hearts, free from fat and vessels, mince the meat very 
finely and weigh. To each half kilo. add 1 litre of water and make distinctly 
alkaline to litmus with 20 per cent. KOH solution. Heat this slowly to 75°-80° C. 
for five minutes. Cool to 37° C. and add 1 per cent. of liquor trypsinae co. (Allen 
& Hanbury’s) and keep it at 37° C. for three hours. (The trypsin preparation 
mentioned should be used, as several others have not proved satisfactory.) When 
trypsinising is finished, test for peptone in the following manner:—Take 5 c.cm. 
of broth, add 0-1 c.cm. of 5 per cent. solution of CuSO,; mix, and then add 5 c.cm. 
normal NaOH; a true pink colour indicates that trypsinisation is sufficient; a 
bluish-purple shade that it is incomplete. Then render slightly acid to litmus with 
glacial acetic acid and bring slowly to the boil for a quarter of an hour. Leave 
covered overnight in a cool place and siphon off the clear liquid in the morning. 
Make this broth distinctly alkaline to litmus and (if not to be used at once) 
sterilise in an autoclave at 118° C. for one hour on each of two days. The necessary 
addition of acids and alkalis must be carefully made, little by little, so that there 
shall be no excess of either. 


C.—Preparation of Fibre Agar. . 


Weigh out the required quantity of fibre agar, cut up small with scissors, place 
in a large flask or enamel pail and wash twice quickly in water. Drain thoroughly, 
add water just to cover and put in glacial acetic acid to 0:25 per cent. Mix well 
and leave for a quarter of an hour. Pour off the liquid and wash thoroughly four or 
five times to make sure that all the acetic acid is washed out. Drain carefully. 
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D,.—To0 Make Trypagar. 


Take a measured quantity of the trypsinised broth, add 1-75 per cent. agar 
fibre prepared as above, and 0:125 gramme of calcium chloride per litre. Auto- 
clave at 118° C. for three quarters of an hour to dissolve the agar. Titrate 


N 
20 c.c. of the medium diluted with 20 c.c. of water with 10 NaOH while boiling, 


using a-naphtholphthalein (0:04 per cent. in 60 per cent. alcohol) as 
an indicator, adding with a glass rod a drop of the medium to a drop 
of the indicator at a-time on a white tile till the first transient flush of bluish- 
green occurs; read off the amount used from the burette. Then go on with 
the titration again, adding 0:5 c.c. of 1 per cent. phenolphthalein in 99-8 per cent. 
alcohol to the medium and continuing until the first faint pink colour appears; 
take this reading also. The mean of these two readings gives the point to 
which the medium must be adjusted, and the requisite amount of 10 /N NaOH 
(dekanormal) is then added +o the bulk of the medium. This medium should now 
prove alkaline to a-naphtholphthalein and acid to phenolphthalein. Cool to 60° C. : 
add white of egg (2 to a litre), beaten up well; autoclave again at 118° C. for 
75 minutes (or in the steamer for two hours). Filter again through the Chardin’s 
filter paper supplied by Baird & Tatlock, add to the filtrate 5 per cent. of the 
sterile pea extract and sterilise in the ordinary way. This medium must not be 
steamed more than necessary, as it gives off ammonia in steaming, which alters the 
reaction if done too often. 

For the cultivation of both the meningococcus and the gonococcus, it is advisable 
to add 2 per cent. of a sterile 5 per cent. hemolysed solution of rabbit’s blood in 
mormal saline, etherised by the addition of 10 per cent. of ether. 





APPENDIX IT. 





COMPLEMENT FIXATION TESTS FOR GONORRHQA. 
I.—MeEtHop or Scowartz anp McNett. 


Given in ‘‘ The Complement Fixation Test in the Diagnosis of Gonocéccic Infec- 
tions,” by H. J. Sonwarrz, M.D., and Arcarpatp McNein, M.D. (From the 
Department of Clinical Pathology of the Cornell University Medical School, New 
‘York.) American Journal of Medical Sciences, 1911, N.S. 141, 693. 








‘‘ In our work we have used both the antisheep and antihuman hemolytic systems, 
‘and have followed the technique as laid down in the well-known Wassermann 
test for syphilis, and in Noguchi’s modification of the Wassermann test. 
We would, however, say that in employing the antihuman system we have invariably 
used inactivated patients’ serum. ‘The preparation and titration of the amboceptor, 
complement, and red blood. cell suspension for the two systems has been so fre- 
quently described that we do not think it necessary to enter into the details here. 

Preparation of the Antigen.—l. In the preparation of the antigen, from nine 

o twelve different strains of gonococci have been used at various times. 
2. To cultures of gonococci from 24 to 48-hours old grown on Thalmann’s 


medium,(*) containing 2 per cent. of glucose, 2 c.c. of sterile 0°85 per cent. saline © 


solution to each tube was added and the growth of cocci scraped off the surface of 
the media with a platinum loop. 

3. The resulting suspension of cocci in saline was then decanted into a sterile 
bottle and placed In an inactivating oven at a temperature of 56° C. for 30 minutes; 
it was then placed in a shaker and agitated for 24 hours, after which it was centri- 











(*) This alkaline agar medium can well be replaced by any of the media described in the 
Appendix (pp. 18-24), 
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fugated ; the supernatant fluid was then pipetted off and placed in a tightly corked 
sterile bottle, a capillary drop of lysol being added as a preservative. This was 
placed in the ice chest until required for tests. 

Some recent experiences have led us to believe that possibly a better antigen 
might be obtained by allowing the suspension of cocci in the saline to remain for 
several hours without shaking, at a temperature of about 37° C©., as ‘a more 
thorough extraction seems to take place by so doing. 

For the titration cf the antigen we have used as a positive control either the serum 
of a patient who has been treated with injections of dead gonococci, or else Torrey’s 
antigonococcic serum, as prepared by Parke, Davis & Co. This is serum from an 
animal which has been immunized against many different strains of gonococci. 
The quantity of antigen to be used is the quantity that will completely inhibit 
hemolysis of the given suspension of red blood cells in the presence of definite 
quantities of positive serum and complement; provided that double this amount 
does not interfere with complete hemolysis of the cells, using a normal serum and 
complement. Our daily routine is as follows :— 

1. Titration of the Complement with the given quantity of red blood cell suspen- 
sion and given quantity of an amboceptor of known hemolytic strength, the object 
of this being to determine the exact complement value of the guinea-pig serum 
used. Careful estimation of the exact quantities of amboceptor and complement 
to be used is of the greatest importance if accurate and reliable results are to 
be obtained. 

2. Titration of antigen against a positive serum. This procedure gives us known 
quantities of amboceptor, complement, antigen, and red blood cell suspension. 

The technique of the day may be graphically depicted as follows, using the anti- 
sheep hemolytic system in a positive case.”’ 


TABLE J. 


a I A a SR TR a cr 





Patient’s . Complement Sheep's red : 
EES Antigen. 10 ver cent, | Amboceptor.| blood cells Hemolysis. 
; P ; 5 per cent. 
O° 1D-¢.¢ 0 OG ec. O05 7er6- 0°05 G.c. | Complete. 
O10 ec 0 O05: c.c. 0: 05:¢.«: OOo" e.e: Complete. 
G=@5: ¢.c; 0 0-05:e.c. 0-05 c¢.c. 0°05 c.c. Complete. 

0 Double titrated | 0°05 cc. O05 é.c, 0°05: e.¢: Complete. 

quantity. | 

0 0 0:05 cic, | OF05'6:¢: vOme-c | Complete 

0 0 0 (ie O05 .Cx@: O05 ce: None. 

0 0 | De OSiG.e9 os 0 1 20'05,-6.6. | None. 
0°15.c.c. Titrated quantity ; 0°05 cc. | 0°05cc. | 0°03 cc. { None 
0-10. c.¢. a 0-05:c.e. 0705: exe: 0"0a:e.e, None. 
0-05: 6c: 5 0-0d:e¢ : O505.e.e. 0*0d:ei6, | None. 

Pos. serum. | 
0-10 cc. a 0°05’ 6.46... 2) 0°05 ce. 0-08 cc. | None. 
0-10 c.c. 0 UO peee. 2 8 - O05 6.0. 0:05 c.c. | Complete. 
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II.—Ower’s MeEtTHOD. 


Abstracted by permission from the Article by Major J. J. Ower, C.A.M.C., 
Canadian Medical Association Journal, 1914, N.S. 4, 1074. 


The technique is given here in detail inasmuch as careful preparation of the 
reagents is essential for the best results. 

‘“Complement.—A guinea-pig is bled 12 hours before the tests by cutting the 

carotid arteries. The blood is allowed to clot, put on ice, and immediately before 
use the serum is withdrawn. I+ is cleared by centrifugation if any red cells are 
present. . 
- Amboceptor.—Four or five injections of from 2 to 5 c.c. of a 5U per cent. solution 
of fresh sheep red blood cells in normal saline (0°85 per cent.) are made into the 
ear vein of a rabbit at intervals of five days. Ten days after the last injection the 
serum is titrated to determine its value as an amboceptor. If suitable, the rabbit 
is bled, the blood is allowed to clot, the serum withdrawn, then inactivated by 
heating at 56° C. for 30 minutes to destroy its natural complement, placed in 
ampoules and stored on ice. 


® 
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Red Blood Cells.—Fresh sheep blood cells are washed with saline and centri- 
fugated several times until the supernatant fluid is absolutely clear. ; 

Serum to be Tested.—¥ive c.c. of blood is drawn from the vein of the patient, 
allowed to clot, and the serum withdrawn. The serum is cleared by centrifugation 
and is inactivated by heating at 56° C. for 30 minutes in order to destroy the 
complement present. 


Antigen.—Cultures of gonococci are grown on hydrocele fluid dextrose agar for 
24 hours and washed off with sterile distilled water. The suspension is centri- 
fugated, mixed with sterile distilled water, and the supernatant fluid removed. 

This is repeated three or four times, to remove extraneous material derived from 
the media; 50 c.c. of sterile distilled water is then added to each 0:5 gm. of 
sediment and the suspension enclosed in sealed tubes and placed in water at 56° C. 
for half an hour. It is kept in a warm place (incubator) for ten days, being 
shaken for about ten minutes daily in a vaccine shaker. Tt is then centrifugated 
and the supernatant fluid withdrawn to be used as antigen. A drop of carbolic 
acid or lysol is added to prevent contamination. To make a polyvalent antigen 
several monovalent antigens are mixed. @ 

Titrations of the reagents are necessary to establish their value. Complement 
has been found to vary frequently and is therefore titrated before every series of 
tests. Amboceptor and antigen as a rule, when kept on ice, do not tend to lose 
their properties, but as a precaution should be titrated frequently. 

In the system usually employed the tests and titrations are made on a basis of a 
total quantity of 2-5 c.c. in each tube. In both the quantity of red cells used is 
0-5 ¢.c. of a 25 per cent. emulsion of fresh red cells in normal saline. In the tests 
alone the amount of amboceptor and of complement required in each tube is made 
up to 0°5 c.c. with saline in each case for convenience in handling the pipettes. 


Litration of Complement.—Ten per cent. complement and saline is used in this 
titration. |The complement value of guinea-pig serum has been found to vary 
considerably especially in young pigs. In the system here employed, the unit has 
been found to vary between 0:3 ¢.c. and 0:15 c.c. of a 10 per cent. dilution ; 
therefore these limits must be exceeded in the titration. In the titration of 
complement which is made every day before the tests proper the unit of amboceptor 
used on the previous day is taken as the standard. The following is a table of the 
titration :— 


Tubes . une hy, i. ie: IV. Ni Vireo vik 
Amboceptor .-. 1 unit in each tube. 

Complement, 10.9% O-5eac. O-4ec. O'3ce. 0:256c. 0-2ec. 0°15 Ort 
Red Blood Cells .... 0°5-c.c. in each tube. : 

Saline sis -. Add sufficient to make the total quantity 2-5 c.c¢. in each tube. 


Incubate in a water bath at 37°C. for thirty minutes. The least amount of 
complement causing complete hemolysis is to be taken as the unit of complement. 


Titration of Amboceptor.—With this system it has been found that using a 
i to 150 or I to 200 dilution of amboceptor in saline with 1 unit of complement 
the least amount causing complete hemolysis is usually in the neighbourhood of 
0-1 c.c.; although not necessarily so, as it depends entirely on the strength of the 
amboceptor. The actual titration in the case of an amboceptor known to be 
approximately this strength would be as follows:— 


TPabes*'~2¢:, Sid in ie II. LY. Y.. Vie 5 Vik: 
Amboceptor, 1-150 0:3¢ec. 0°25cc, O-2ee. O-lbec. 0-1 6:6 O"0TS 2 050n: 
Complement, 10 9% 1 unit in each tube. 


Red Blood Cells 0:5 cc. in each tube. 
(Sheep) 2°5 9. 
Saline a3 ... Add sufficient to make the total quantity 2°5 c.c. in each tube. 


Incubate in a water bath at 37-5°C. for 30 minutes. The unit of amboceptor to 
be used in the test is represented by the tube containing the least amount which 
causes complete hemolysis. 


Titration of Antigen.—This is necessary to determine the antigenic value of the 
extract and also to detect the presence of anti-complementary properties. In a 
suitable antigen there should be a wide margin between these two. Anti-com- 
plementary properties should not be ‘present in less than twice the amount of 
antigen used in the tests otherwise there would be tle danger of false positive 
reactions. A 20 per cent. solution of antigen in normal saline is usually used in 
preliminary determination of its antigenic properties, although this may be found 


at 


to be too concentrated, in which case a weaker solution is used. The following table 
gives the usual routine titration :— 


Tubes oe I: II. EEL. IV. a's Vill Vie Vine eee 
Antigen, 209%, 0-O5c.c. 0-1e.c. 0°26¢.c. 0°4¢.c. 0°66¢.0°8ee.lec 1°2%cc. 1°4¢.¢. 
Complement 10 %, 2 units in each tube 
Known Posi- 0°2 ¢.c in each tube. 

tive Serum 
Saline ... Add to 2 ec. in each tube 


Incubate in water bath at 37:5° C. for thirty minutes, then add:— 


Amboceptor on .-. 2 units in each tube. 
Red Blood Cells 2°5 % .... U'5 cc. in each tube. 


The presence of antigenic qualities is determined by the presence of inhibition 


of hemolysis, and in a good antigen this should be present in the second or third 
tube. 


To determine the anti-complementary properties the above test is repeated, 
omitting the known positive serum. This is an important titration, and in a 
suitable antigen hemolysis should be complete in the tube representing double the 
unit of antigen chosen for the test. 


The routine usually followed each day when tests are made is :— 


1. Titration of complement. 
2. Titration of antigen. 


3. Tests proper. Here three tubes are used—one as a control without antigen 
and the other two with different quantities of antigen. The unit of 
antigen used is usually one-half the greatest amount showing complete 
hemolysis in the anticomplementary titration. A known positive and 
a known negative serum are included in each series of tests as additional 
controls. 


The following is a table of the test :— 


Tubes aa cag I i. ALT. 
Suspected Serum ... 0°2 .c. in each tube. 

Complement ... 2 units made up to 0°5 cc. in each tube. 
Antigen... ade None. 2 unit. 1 unit. 


Saline eae ... Add to make total quantity 1-5 c.c. in each tube. 


Incubate in water bath at 37°5° c.c. for thirty minutes and then add :— 


Amboceptor ... 2 units made up to ()'5 c.c. in each tube. 
Red Blood Cells 2°59 0:5 c.c. in each tube. 


Return to water bath at 37:5° C. for thirty minutes. 


Instead of the last step in the above table the red cells may be sensitised 
synchronously with the first part of the test by adding equal quantities of ambo- 
ceptor (two units made up to 0°5 c.c. with saline) and red cells. The mixture is 
incubated in the water bath at 37:5° C. for half an hour. One c.c. is then added 
to each tube and the tubes returned to the water bath. The sensitising of the 
red cells has the effect of hastening the reaction. 


The method of reading the results is of importance. This is done when hemolysis 
is complete in the controls. A strong positive reaction consists in complete in- 
hibition of hemolysis. For diagnostic purposes it is doubtful if it is wise to return 
a report of a positive reaction if there is less than 50 per cent. inhibition of 
hemolysis, which one would term a weak positive reaction.” 
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IJI.—Kotmer’s Merron. 


Method employed by Joun A. Koumer, M.D., D.P.H., Instructor of Experi- 
mental Pathology, University of Pennsylvania; Pathologist to the Philadelphia 
Hospital for Contagious Diseases, abstracted by permission from his ‘‘ Practical 
‘Textbook of Infection, Immunity and Specific Therapy,’’ Philadelphia and London. 
W. B. Saunders Company, 1917, pp. 503 et seq. 


‘“ Hemolytic System.—As a rule, the antisheep hemolytic system is employed; the 
various ingredients may be used in one-half the quantity employed in the original 
Wassermann reaction, . . . or one-tenth the quantity employed in the original 


Wassermann technic may be employed. I prefer to employ the larger amounts 
because the readings are usually easier to interpret. 


Fresh guinea-pig complement serum is diluted 1:20 and used in dose of 1 c.c. 
(=0:05 c.c. serum); sheep’s corpuscles are made up in a 24 per cent. suspension 
and used in dose of 1 c.c.; antisheep amboceptor is titrated and used in an amount 
equal to 2 hemolytic doses in conducting the antigen titration and in the test proper. 


Kolmer and Brown have compared the practical value of the antisheep and 
antihuman hemolytic systems in the examination of a number of serums. When 
the latter were used, some of the reactions were somewhat stronger and yielded 
slightly better results, showing the influence, probably, of natural.antisheep ambo- 
ceptor present in a large proportion of human serums. 


Antigen.—This constitutes the most important ingredient of the test. As Teague 
and Torrey and Schwartz and McNeil have emphasized, the antigen should be 
prepared of many different strains of gonococci. The difficulty of isolating this 
organism and the constant care required in subculturing and keeping a large 
number of strains alive render it practically impossible for many persons to 
prepare a gonococcus antigen. Therefore, until simpler methods are devised, this 
-antigen is best prepared in large central laboratories, where the cultures are 
handled and preserved by specially trained persons. 


The gonococci are well grown on a salt-free veal agar, neutral in reaction to 
phenolphthalein, to which a few drops of sterile hydrocele fluid may be added. 
After culturing for from 24 to 48 hours, the growths are washed off with distilled 
water, and the emulsion is heated in a water-bath for two hours at 56° C. It is 
then heated to 80° C. for 1 hour, filtered through paper pulp or centrifugalized and 
passed through a Berkefeld filter which is reserved for this purpose alone and is 
neutral in reaction. A small amount of preservative, as, e.g., 0:1 c.c. of a 1:100 
dilution of phenol to each cubic centimetre of antigen, may be added. The antigen 
is then well preserved in small amounts in ampoules that are sealed and heated to 
56° C. for half an hour on three successive days. Just before being used the antigen 
is made isotonic by adding one part of a 10 per cent. salt solution to nine parts of 
antigen. I preserve the antigen in ampoules containing 1 c.c., and after removing 
the antigen from the ampoule to a large test-tube, add 1 c.c. of 10 per cent. salt 
solution, and dilute the whole 1:10 with the addition of 8 c.c. of normal salt 
solution, after which the anticomplementary titration is made. 


In this method of preparing antigen the endotoxins constitute the main anti- 
genic principle. Kolmer and Brown, after an experimental study of the various 
antigens, found that a simple suspension of gonococci in salt solution yielded slightly 
better results. The various strains are grown for from 48 to 72 hours, and are 
then washed off with sterile saline solution, observing particular care not to 
include portions of the culture-medium. ‘The suspension is then shaken to break up 
clumps, and heated to 56° C. for an hour. A small amount of preservative 1s now 
added, and the antigen stored in 1 c.c. ampoules. Before using it is diluted 


1:10 or 1:20, and titrated for the anticomplementary dose. Warden has reported 
good results with a new lipoid antigen. 


Alcoholic extracts of gonococci have very little practical value, as alcohol is not 
satisfactory for extracting the antigenic principle of bacteria. 


The anticomplementary dose of the antigen should be determined, and one-half 
or one-quarter this amount should be used in conducting the main test. An anti- 
genic titration may also be conducted with an antigonococcus serum, to determine 
the antigenic value of the antigen, but in practice it is sufficient to use one-half 
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the anticomplementary dose. This titration should be conducted and the antigen 
standardized before the main tests are adjusted. 
In the following table the results of an anticomplementary titration of a gono- 


coccus antigen are given, the approximate dose having been ascertained in previous 
titrations : — 


Anticomplementary Titration of a Gonococcus Antigen. 





| 
| Anti- 





| 
Sheep’s | | 
: Comople- shee | 
Tabe. ae ae . t, pare Corpnseles| ee Hide 
10 ce.1s once, | Santee ( % ) | emolysis. 
che Gc; 
| Units. | 
lomo. Im uw | 
BAvG-9 1 (s288 2 1 |£2 | Complete hemolysis. 
ae Tan se iy ee 2 1 == | Complete hemolvsis. 
aos O26 1 fA AER 2 1 {3% | Complete hemolysis. ‘+ 
4 | 0°8 i! be AR eae eek f S& |Slight inhibition of 
= eho 2 .|_ haemolysis. 
5 1-0 ly eres = | 1 £20)|Marked inhibition of 
| ag ee i = t%| hemolysis. 
6 0 Pat eee oso ony 1 ae | Complete hemolysis. 
: = PSO 8) "3 a 








If the antigen is new and the anticomplementary dose is entirely unknown, it. 
may be necessary, in making this titration, to use a different dilution, with higher 
and lower doses. In conducting the main test the foregoing antigen could be used 
in dose of 0:2 or 0°4 c.c. of this dilution. 


The Test.—The serums should be fresh and clear, and heated to 56° C. for one- 
half hour. For each serum use four test-tubes (12 by 1 cm.), arranged in a row. 
Into each of the first three place the dose of antigen and increasing doses of 
serum—0:05 c.c., 0:1 c.c., 0°2 c.c.; the fourth tube is the serum control, and into 
this is placed the maximum dose of serum (0:2 c.c.) but no antigen; 1 c.c. of com- 
plement diluted 1:20 is added to each tube. The following controls are included :— 


1. A positive control with an antigonococcus serum or with the serum of a patient. 
who reacted positively on a former occasion. 


2. A negative control with the serum of a healthy person. 


Both of these controls may be set up with but the maximum dose of serum: 
(0:2 c.c.). 


3. The serum control of each serum is conducted in the fourth tube of each: 
series. At the completion of the test this tube should show complete heemolysis. 
and thereby indicate that the serum was not anticomplementary. 


4, The antigen control at this time includes the dose of antigen and complement. 
5. The hemolytic system control at this time receives the dose of complement. 
6. The corpuscle control receives 1 c.c. of the corpuscle suspension. 


To each tube sufficient saline solution is added to bring the total volume up to 
about 2 c.c. The tubes are shaken and incubated for one hour at 37° C. in the 
thermostat or in a water bath (not less than | hour), when 2 units of antisheep 
amboceptor and 1 c.c. of sheep corpuscle suspension are added to each tube except 
the corpuscle control. The tubes are gently shaken again and re-incubated for 
an hour or longer, depending upon the hemolysis of the controls, after which the 
results are recorded. This secondary incubation may be omitted and the tubes 
placed in a refrigerator overnight and the results read the next morning. Under 
these conditions hzemolysis occurs slowly, and according to some workers in this 
field the reaction becomes more delicate. Conducting the primary incubation by 
placing the tubes in a refrigerator at 8° C. for 4 hours or overnight after the method 
of McNeal, followed by the addition of 2 units of hemolysin and 1 ¢.c. of corpuscle 
suspension to each tube and incubation in a water bath at 38° C. for $ to 1 hour 
yields particularly delicate reactions and intensifies the degree of specific fixation: 
of complement. 
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The following table is an example of a gonococcus fixation test with the serum 
of a case of gonorrheal arthritis : — 


Gonococcus Complement—Fixation Test. 


























| | , 
Sea eComples: Antisheep | Sheep’s 3 ’ 
Patient’s — cae vee | VEG ks | Corpuscles| oe ater 
Serum. ¢.6, 10°" = 20). copter | (Qrasegyres on, ke eee ae 
ee Gees = nal | Worcs | incubation. 
| | CC. | | nits. C.C 
| | | | 
0°05 0-2 1 = 2 i Slight inhibition of 
= heemolysis. 
Oat Q2 1 a 2 1 Marked inhibition of 
& heemolysis. 
0x2 ey 1 wel) Z if Complete inhibition of 
5 o hemolysis. 
Oe2 0 1 “OS 2 1 Serum control : hemo- 
! & = lysis. 
Pos. Serum. | oo 
0-2 I 1 26 2 1 Complete inhibition of 
| ia hemolysis. 
0-2 ee Sect 1 ce y) 1 Serum control : hemo- 
| a lysis. 
Neg. Serum. | Oise 
02 pee ge 1 N S y) 1 Hemolysis. 
| aS. | 
BELOP2 0. 1 oS Y4 1 Hemolysis. 
eo 
0 02 ! Se 7 1 Antigen control: hee- 
ioe molysis. 
0 0 1 % 2 1 Hemolytic control: 
. @ hemolysis. 
0 0 0 I 0 1 Corpuscle control: no 
; D | hemolysis. 


| 





In reading the results the controls are first examined and should show complete 
hemolysis; the test is reported as negative if all the tubes are heemolysed, weakly 
positive if the largest dose only of serum (0-2 c.c.) shows inhibition of hemolysis, 
moderately positive if the 0:1 and 0-2 c.c. doses of serum show inhibition of hzemo- 
lysis and strongly positive if the 0-05, 0-1 and 0:2 c.c. doses react positively. 

The test may be conducted with but one dose of serum, namely, 0-2 c.c. with the 
antigen and 0-2 or 0:3 ¢.c. in the serum control tube, after the manner of the 
original Wassermann reaction; in this case the readings are made after the usual 


a7 er, toa, ee ep ametiiod: 


. ] 
Gonococcus Fization Test, Using One-tenth the Usual Amounts. 


This technic is employed for purposes of economy, especially since the antigen is 
likely to be expensive. Otherwise the method is less desirable than the preceding 
one, as the results are more difficult to read. 

Complement serum is diluted 1 : 10 and used in dose of 0-1 c.c.; corpuscles are 
made up in a 10 per cent. suspension and used in dose of 0-1 c.c., the amboceptor 
is titrated with these amounts of complement and corpuscles, and used in dose 
equal to two units. Each day, before the main tests are undertaken, 
the anticomplementary dose of antigen is determined by placing increasing doses 
of diluted antigen with complement and salt solution in a series of tubes, incu- 
bating for an hour, adding two units of amboceptor and the corpuscles, 
followed by incubation for another hour. One-half or one-quarter of the anti- 
complementary dose is used in making the main test. The serums are inactivated 
and used in three ascending doses—0-005 c.c., 0:01 c.c. and 0:02 c.c.—equivalent 
respectively to 0°5 c.c., 1 c.c. and 2c.c. of a 1 : 100 dilution (0-1 c.c. serum, 9°9 c.c. 
salt solution). The fourth tube of each series contains the maximum dose of serum 
without antigen, and is the serum control. The other controls, general technic, and 
readings of the reaction are the same as those previcusly described.’’ 
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IV .—TwHomson’s Merrnop. 


A new method of preparing Gonococcus Antigen and a new technique for the 
Complement Deviation Test. 

Captain David Thomson, R.A.M.C., M.B., Ch.B. (Edin.), D.P.H. (Camb.) has 
been good enough to communicate for the purposes of this Report the following 
preliminary description of some new methods. His work was carried out in the 
laboratory of the Military Hospital, Rochester Row, London, S.W., under the 
direction of Colone] L. W. Harrison, D.8.0., K.H.P. 

‘‘ Introduction—The complement deviation test in gonorrhoea is destined to be 
of great importance. It is well known that it is extremely difficult to determine, 
by clinical and microscopic methods, when a patient is definitely cured of this 
disease. This is especially true in the case of women, and it is a great respon- 
sibility for a physician to state that a given case is free from infection. The test 
will come to be of great value in this respect. It will prove a great source of help 
to the gynecologist and will aid considerably in the differential diagnosis of many 
obscure cases of joint disease. 


Researches which led to the new method of preparing the Gonococcus antigen.— 
The gonococcus is a germ which autolyses or breaks up very readily. For this 
reason a vaccine of the organism does not keep weil, but rapidly disintegrates and 
eventually becomes an autolysate. An investigation was carried out with a view to 
finding the cause of this autolysis, so that a more stable vaccine might be pre- 
pared. I eventually ascertained that weak acids prevented autolysis, but that 
weak alkalis increased it. In consequence we now put up the vaccine in a weak 
acid solution by using 0°6 per cent. acid sodium phosphate instead of ordinary 
saline. In the course of this research I found that the gonococcus was extremely 
soluble in alkali, so much so, that if a profuse growth of the germ is shaken up 


NN PEAK 
with beads in an 10 °* 90 solution of sodium hydrate, a clear solution is formed 


almost instantaneously. If sufficient acid be added to this alkaline solution to 
render it acid, a white precipitate is immediately formed, which I take to be a 
precipitate of fatty acids. So it would appear that the gonococcus consists largely 
of a fatty substance, which is immediately saponified by the addition of an alkali. 
The meningococcus is similarly soluble in alkali but apparently not quite so soluble 
as the gonococcus and a faint milky tint is left in the solution. A strain of 
micrococcus catarrhalis on the other hand is not soluble in alkali, so that a per 
manent opaque white emulsion remains after shaking up a growth of this organism 


os cu 3 : , 
50 «sodium hydrate. It seems to me that this might be a useful method of 


distinguishing between these three allied species of organisms. 

Method of preparing the Gonococcus antigen.—Colonel Harrison asked me to try 
to work up the complement deviation test for gonorrhea. He had used the 
ordinary gonococcus vaccine as antigen with successful results in 1914. In con- 
sequence I employed at first our stock vaccine and found that it gave successful 
results when used in a strength of about 100 millions per c.c. More concentrated 
vaccines: were too anticomplementary for use. It then occurred to me that an 
antigen prepared by dissolving the gonococci in alkali and then rendered neutral, 
might be suitable, and indeed it proved to be superior to the vaccine itself, being 
less anticomplementary and at the same time more powerful as an antigen in 
the blood test. * 

I make up this dissolved antigen in the following manner :— 

(1) Prepare a standard emulsion of gonococci such that 1 c.c. contains 1,000 
millions per c.c. and place this in a sealed test tube about 1 inch in 
diameter. (Emulsion in 0:5 per cent. NaH, PO, + 0:5 per cent carbolic 
acid. 

(2) Shake 6 a profuse growth of gonococci (24 hours incubation) in a test 
tube containing beads and about 6 c.c. of saline. 

(3) Add one half of this concentrated emulsion to a test tube (A) of the same 
diameter as that which contains the standard, and add the other half 
to a similar test tube (B). 

44) Dilute the emulsion in tube (A) until it exactly matches the standard 
containing 1,000 millions per c.c. . 

(5) To the other tube (B) add a few c.c. of e sodium hydrate to dissolve 
ihe gonococci; a clear alkaline solution will be immediately obtained. 

~ Now add = hydrochloric acid gradually until it is just neutral or very 
faintly alkaline to litmus. We now have a nearly neutral solution of 


gonococci. Add to this 0°85 per cent. saline containing 0°5 per cent. car- 
bolic acid until the volume is exactly the same as that in tube (A) 
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prepared as in (4) to match the standard. This gives us a solution con- 
taining 1,000 millions of dissolved gonococci per c.c. This should be- 
stored in the ice chest as the stock antigen. It appears to keep well 
and it does not become infected because of the weak carbolic it contains. 

(6) For use this antigen should be diluted ten times with 0°85 per cent saline, 
so as to bring it to a strength corresponding to 100 millions per c.c. 
When used in the blood test, it will be found that this antigen will 
absorb as a rule much less than one minimum hemolytic dose of com- 
plement. : | 


Antigens of many strains of gonococci have been prepared as above and are 
now being used in this research. So far I have tested the sera of 30 cases, with 
12 separate antigens, as well as with a mixed antigen composed of all the 12 
strains together. This has shown clearly that a compound antigen is better than 
the antigen prepared from a single strain. A single antigen may only give a very 
weakly positive test with a given serum while the single antigen of a different 
strain will give a strongly positive test, a compound antigen, however, gives a 
good positive where a single antigen may only give a very indefinite positive. It 
was also considered advisable to use a meningococcus antigen simultaneously with 
the gonococcus strains in my experiments, and a culture of this organism was 
kindly given by Major Hine, R.A.M.C. So far my experiments have shown that 
the meningococcus antigen almost invariably gives a weakly positive result with a 


strongly positive gonococcal serum; but a weakly positive serum gives a negative 


result with the meningococcus antigen. This shows that the meningococcus is a 
very closely allied organism. 
Parke Davis’s compound gonococcus antigen was tested against a compound 


gonococcus antigen prepared by the new method described above. The latter 
proved to be superior in two respects. It was less anticomplementary and more- 


powerful antigenically, and sera which gave a weak positive with the Parke Davis 
antigen, gave a strong positive with that prepared by the new method. It would 


appear therefore that a definite advance in the preparation of the antigen has. 


been achieved. 
The new technique employed in carrying out the blood test.—For this new and 


highly satisfactory technique I am indebted to Lieut-Colonel Harrison. He 


advised me at the commencement of my experiments to use a well-diluted serum, 
and to allow for thorough fixation of the complement by placing the tube in the 
ice-chest overnight, previous to the addition of the sensitised cells, according to 
the method investigated by Drs. Griffith and Scott,. Local Government Board, 
Bacteriological Laboratory, as a result of their researches on the Wassermann 
test (unpublished). ‘ 

(i) Inactivation of the serum.—The serum to be tested is inactivated by heating 
to 55° C. for ten minutes in a water bath, before dilution. 

(2) Standardisation of the complement.—The complement should be titrated 
against the stock antigen diluted 1 in 10 with 0°85 per cent. saline as used in the: 


test. To twelve Wassermann tubes add 0:1 c.c. of guineapig’s serum (complement): 
diluted as follows :— 


CE ey CACY eraCAy CAIRN) CT Ce Rane CA Ie te ence 
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To each add 0:1 c.c. of the diluted antigen (1 in 10). Shake the tubes and place the 
tray in the ice-chest for one hour. Then put tray in water-bath at 37° C. for half 
an hour. Add to each tube 0:1 c.c. of fully-sensitised sheep’s corpuscles (3 per cent. 
suspension). Replace tray in water-bath at 37° C. and take the readings after 
15 minutes. The lowest dilution of complement which produces hemolysis in the 
tubes should be taken as one minimum hemolytic dose. 


' (3) The test.—Four tubes, A, B, C and D, are employed. 


(2) To A, B and C add 0:1 c.c. of the inactivated serum (diluted 1 in 20). 
To D add 0:1 ¢.c. of the inactivated serum diluted 1 in 5. 
(b) To A add complement 0:1 c.c. containing 34 minimum hemolytic doses. 
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(c) To A, B and C add 0:1 c.c. compound antigen (diluted 1 in 10). Tube D 
acts as the control. ; 
(d) Place the tubes in the ice-chest overnight and next morning add to each 
0-1 c.c. of a 3 per cent. emulsion of fully-sensitised corpuscles. Then 
place the tubes in the water bath at 37° C. and take the reading after 
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15 minutes. The control tube D should show complete hemolysis. 
Hemolysis in A, B and C indicates a negative reaction. No hemolysis in 


A, B and C indicates a strong positive. No hemolysis in C alone indicates 
a weak positive. 


An antigen control containing no serum but an equivalent amount of saline and 
24 M.H.D. is necessary, since the antigen absorbs a considerable amount of com- 
plement during the long period of fixation in the ice-chest. It is not practicable 
to use the long fixation method in the process of standardising the complement, 
since the complement deteriorates from day to day. Known positive and negative 
sera should always be included in the series, and all the tests rejected in the event 
of these controls being unsatisfactory. 


The results obtained have been very satisfactory, and this is due, no doubt, to the 
superiority of the antigen as well as to the superiority of the long method of 
complement fixation in the ice-chest. In 25 cases the sera of patients whose gon- 
orrheeal discharge commenced less than one week previously 15 positive reactions were 
obtained. In 348 cases of gonorrhea, complicated and uncomplicated, the reaction 
was positive 322 times. In addition to this, out of 28 sera of clinically cured 
gonorrheea cases, 18 gave a positive reaction. Six out of 46 cases of syphilis, 
where gonorrhcea was denied, gave a positive reaction. In these cases there was 
no opportunity of testing the truth of the denial. In no case was a reaction 
obtained where gonorrhea could clearly be excluded except in cerebro-spinal 
meningitis which gave five positive reactions out of five specimens tested. 


The test also indicates the presence of the disease long after the disappearance of 
the gonococci according to the microscopic and cultural tests. A case which had 


had no discharge for a month gave a strong positive test and he relapsed shortly 
afterwards. 


T wish to thank Dr. Allport for his assistance in supplying me with cases and 
the histories thereof from his clinic at the hospital. I am especially indebted to 
Colonel Harrison, D.S.O., for giving me the full credit of this work, since the 
success obtained has been so largely due to technique which he advised.”’ 
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No. 3.—METHODS FOR THE DETECTION OF SPIROCHAETES. 
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The Committee in their first report dealt with the diagnosis of syphilis 
by means of the Wassermann Test. They have now brought together the 
conclusions reached as to the most satisfactory methods for the micro- 
scopic detection of Spironema pallidum.* They desire to express their great 
indebtedness to Mr. J. Edwin Barnard, President of the Royal Microscopical 
Society, for the service which he has rendered in describing in detail the 
technique of dark ground illumination. The Committee know of no such 
authoritative description elsewhere, and they have embodied it in the text 
of the Report. 


Too much emphasis cannot be laid upon the importance of the detection 
of the Spironema as affording the earliest means of diagnosis of syphilis, 
and this at a period when clinically it is not possible to arrive otherwise at 
a definite decision. Treatment undertaken in the early primary stuge is rela- 
tively simple and assured, and is a matter of weeks; after the infection has 
become generalised, with development of a positive Wassermann reaction or 
secondary lesions, it is prolonged, uncertain and a matter of months. It is 
bad practice to defer diagnosis and treatment until the typical Hunterian 
chancre has developed. The duty of the medical man is to suspect the 
syphilitic nature of every localised lesion upon the organs of generation, 
however small and atypical, and to remember that a simple papule with 
tendency to ulcerate may show itself even within a few days after infection 
with syphilis. It should be the routine practice to examine every such erup- 
tion for spirochaetes, and if these are not found at first, examination should 
be repeated on subsequent occasions.. The most reliable methods of detection 
are so simple and expeditious that there is no excuse for neglect to utilise 
them. 


J.—COoOLLECTION OF MATERIAL. 


The methods about to be detailed are specially applicable to superficial 
lesions. They may also be used for examination of the juices of solid organs. 


To obtain good results'it is, in the first place, necessary to employ not 
the contaminated liquid which has collected on the surface, but fluid freshly 
expressed from the tissue of the lesion. 

The prospect of success is diminished by any previous local antiseptic 
treatment of the lesion. If any such treatment has been applied the material 
is to be obtained from the deepest portion of the lesion, or by puncture, with 
a syringe, of the nearest enlarged gland. 





*In regard to the name of this organism the customary usage of pathologists is not uniform, while 
among morphologists there have been misunderstandings and some anarchy in terminology. The Committee 
are indebted to Mr. Clifford Dobell, F.R.S., for a statement of the recognised international conventions of 
systematists as applied to the nomenclature of this group of organisms which is given in Appendix II on page 47. 
In accordance with the view he expresses, they propose to use Spironema as the name of the genus including the 
organism of syphilis. Asa popular group name for ordinary use the English word “ spirochaete"’ will be used 
for all the members of the group, 
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Further, it has to be borne in mind that salvarsan and its substitutes 
introduced intravenously in the proper dose have a very rapid action upon 
the spirochaetes. Within four hours the majority of those present in a 
cutaneous lesion may be dead and dying, and have lost their characteristic 
wavy curvature. Microscopical diagnosis must therefore be made prior to 
arsenical treatment. 


DIRECTIONS. 
(a) Superficial lesions. 


1, Cleanse the sore or the surface of the lesion of all debris with a 
piece of cotton wool moistened with saline or tap water. 

Squeeze the sore firmly (preferably this is done by the patient him- 
self) until drops of serum are expressed on the surface; or the 
sore may be lightly scraped with the edge of a spud or scarifier. 


If bleeding has been caused by the manipulation or cleaning of the 
sore it is necessary to wait until it has stopped before collecting 
the sample, as the presence of blood lessens the chance of 
finding the spirochaetes. : 

4. Take up the serum in a pipette (Pasteur) drawn out to a capillary 

end: it is sufficient merely to place the end of the pipette in 


ho 


>) 


the éxuded serum, when it will be drawn in by capillary 


attraction. 


(b) Lesions of the mouth. 

Lesions of the mouth are dealt with on the principles outlined above. 
It is important to avoid the inclusion of saliva in the specimen 
as this may contain spirochaetes which are difficult to dis- 
tinguish from Spironema pallidum. The specimen may be 


removed from the tonsillar region, after scraping, with the 


help of a capillary pipette. 
(c) Skin lesions. 


Papules.—The superficial layers of epithelium are removed by scraping 
with a scarifier, and squeezing or dry-cupping the papule. 


Macules.—These may be examined by the application of a_ blister 
about the size of a threepenny-bit, removal of the blister fluid 
and examination of the serum expressed from the raw area. 


(d) Lymph Glands. 


lix the gland so that it bulges out the skin. Runa fairly stout hollow 
needle of about 56 gauge into the centre of the gland from one 
pole. Inject into the gland about five minims of sterile salt 
solution (0.85 per cent.) with a hypodermic syringe which fits 
the needle. Massage the gland, fit the syringe. to 
the needle, and apply suction with the piston. Withdraw the 
needle with the syringe attached and force the aspirated 


material (which usually just covers the bottom of the syringe) — 


on to the surface of a slide. Collect into a capillary tube if 
the specimen has to be sent to a laboratory. 


I].—DEMONSTRATION OF THE SPIROCHAETES. 
1.—Dark ground illumination. 
Undoubtedly the ideal method for demonstratin 
the dark ground condenser. Plates i Oe Gen fe 


demonstrated in this way, and show the main points by which S. pallidum 
can be distinguished from. other spirochaetes. 


The method of illuminatin 
ground illumination’’ is of E 


g the S. pallidum is by 
illustrate spirochaetes 


g microscopic objects known as “ dark- 
nglish origin, but in recent years it has 
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been reintroduced from Germany, and has become a_ comparatively 
common means of observation. It is interesting “to “note: that ean 
immersion paraboloid was designed by Edmunds about 1875, and an example 
of the appliance is to be found in the collection of historical instruments in 
the possession of the Royal Microscopical Society. In 1879 J. W. Stephen- 
son described a ‘‘ Catoptric Immersion Illuminator ’’ (Journal of the Royal 
Microscopic Society, 1879, p. 37), which is a complete anticipation of the 
dark-ground illuminator introduced by Reichert, and which embodies the 
main principles of the modern spherical surface dark-ground illuminators 
which are erroneously regarded as of purely German origin. It must be 
admitted that dark-ground illumination has not made such headway as might 
be expected of it, in view of its undoubted merits and advantages. This is 
perhaps entirely due to the fact that, at least in medical circles, there has 
been little effort to master the technique of the subject, simple though it is 
both in principle and practice. In principle the method consists in rendering 
a microscopic object self-luminous, so that no preliminary treatment such 
as fixing or staining is necessary, any suitable material being examined in 
the living state. _The conditions necessary to achieve self-luminosity are 
that the structure or organism should have a refractive index differing sub- 
stantially from that of the medium in which it hes, and that it should be 
illuminated in such a manner that only the light refracted or reflected 
by the object can reach the eye of the observer. Under these conditions 
greater visibility is secured, and the object is seen as a bright image on a 
dark ground. The appliance used to achieve this result is sometimes referred 
to as an “ ultra- microscope, ’ but this use of the term is inaccurate. The 
term ‘‘ ultra-microscopic ’’ should only be applied to those methods which 
enable objects to be made visible that are beyond the limits of resolution by 
direct methods of microscopic observation. (See Appendix.) The following 
are the essential parts of an outfit for dark-ground illumination :—- 


The Microscope.—-Any instrument suited to bacteriological work may 
be utilised, but it should be provided with rack-work or lateral screw 
for adjusting the sub-stage illuminating apparatus and with centre- 
ing screws for adjusting the. condenser. (Fig. 1.) The © mirror 





should preferably be mounted separately from the sub-stage  con- 
denser, so that the light having once been adjusted in relation to 
the mirror, no change in the position of the latter occurs when the sub-stage 
rack-work is mov ede ot mechanical stage gives an advantage for searching 
purposes, but it must be of such construction that the sub-stage illuminator 
can be racked up until the top of the latter is level with the stage. In other 
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respects any instrument suitable for bacteriological or pathological work 
can be utilized. Even the absence of centreing screws from the sub-stage 2 
may be remedied by having a centreing nose-piece fitted to the microscope t 
(Fig. 2), so that the objective in use may be centred to the dark-ground 
illuminator. This arrangement should only be regarded as an expedient; 

it is not so satisfactory as the use of a centreing sub-stage. 


Objectives.—The objectives may be any of the following :— 


8 mm. Apochromatic Dry. 

mm. Apochromatic Dry with correction collar. 
mm. Apochromatic Oil Immersion. 

mm. do. do. 

inch Achromatic. 

1/6th inch do. 

1/12th inch do. Oil Immersion. 


Pl ob GO Bp 


The lenses here enumerated are given in order of preference. It cannot- 
be too strongly insisted that, for dark-ground work, both from the point 
of view of optical theory and of practical experience, an oil immersion 
objective is not essential. For instance, with the 8 mm. objective and an 
18 compensating ocular, spirochaetes can be seen and differentiated with 
ease and certainty. If this combination of objective and ocular is available, ; 
nothing further is necessary for an observer of moderate experience. The 4 
4 mm. Apochromat does not need such a high ocular, although it is quite 
permissible to use it. 


The numerical aperture (N.A.) of any objective for the purpose in view 
must not exceed 0.95. The N.A. of the 4 mm. Apo. is therefore the utmost 
permissible, and with most dark-ground illuminators, even this aperture 
must be reduced. This is best achieved by placing a funnel stop in the 
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objective (lig. 3), so that the stop itself is almost in contact with the back 
lens. The funnel stop is simply a short tube with a constricted end which 
drops into the back of the objective. This is necessary to reduce the N.A. 
of the objective effectively. A stop of any description, such, for instance, as 
an iris diaphragm, which is operative at any appreciable distance from the 
back lens of the objective, is useless, and should be avoided: All oil im- 
mersion objectives must be fitted with a funnel stop, and in cases where 
this is not already provided it can easily be obtained from an optician. 
It should be remembered that the funnel stop must be removed for 
ordinary observational purposes. The permissible N.A. is also to some 
extent limited by the light source used. Relatively weak illuminants allow 


of a larger N.A., being utilized, but this point will be further referred to when 
discussing the subject of illumination. 


When a dry lens is used, the principal adjustment necessary is tube- 


length. All makers specify a certain length of tube for which their objec- 


tives are corrected, usually 160 or 170 m/m., but this is dependent on the 
thickness of cover glass used 


: - The thickness usually allowed for is from 
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0.15 100.18 mm. If the cover glass is thicker than this, tube-length should 
be reduced, if thinner the tube must be lengthened. The effect of this is 
easily seen, particularly with strong illuminants and high-power eye pieces. 
If the cover glass is not of the correct thickness or the tube length inaccurate, 
the image has a very definite haze surrounding it, which does not entirely 
disappear even when the object is in focus. The remedy is to adjust the 
tube-length until the image appears bright and clear with no surrounding 
nebulosity. This adjustment is quite easy to perform with dark-ground 
illumination. An alternative method is to observe any small bright particle 
in the field of view. When tube-length is accurate this appears as a disc 
of light equal in form and intensity whether the objective is above or below 
the focus, that is, it goes in or out of focus with the same appearance in 
whichever direction the fine adjustment screw is moved. If tube-length is 
inaccurate, it has a nebulous or misty appearance in one direction. If this 
nebulosity appears below the focus, that is when the tube moves downwards, 
tube-length must be reduced. The opposite conditions indicate that the 
tube requires lengthening. No objective of poor quality is satisfactory for 
dark-ground work, as no method of observation so accentuates faults or 
imperfect correction. It is necessary therefore to make sure by ordinary 
testing methods, or by submitting the lens to a competent observer that it 
is of sufficiently good quality for the purpose in view. 


It is recognised, however, that in most bacteriological outfits the 1/12th 
inch oil immersion objective is the only one likely to be usable, few 1/6th 
inch objectives being of sufficiently good quality. By the use of a low- 
power ocular (x6o0r x8) careful attention to centration, and the provision 
of a suitable stop, this may be satisfactorily utilised for the purpose in view. 


A list of Fellows of the Royal Microscopical: Society is now being pre- 
pared, to whom reference may be made for assistance in this matter or for 
help in setting up and adjusting microscopic apparatus. Enquiries may be 
addressed to the Medical Research Committee or to the Secretary of the 
Royal Microscopical Society, 20, Hanover Square, London, W. 


Concise instructions for the use of any available apparatus may be 
obtained from Mr. J. E. Barnard, Lecturer in Microscopy, University of 
London, King’s College, or demonstrations may be arranged by appoint- 
ment. 


Oculars.—If{ Apochromatic objectives are used, the ocular should be 
of the compensating type, otherwise ordinary oculars will suffice. Two 
oculars at least should be provided, a low-power one (circa x 4) for adjusting 
and centreing the dark-ground illuminator, and a high power one 
(x 8 to x 18) for observational purposes. 


Cover Glasses and Slides.—The cover glasses used must be of good 
quality free from biemishes or scratches. At the present time these are 
not easy. to obtain, but to secure the best results with any save 
immersion lenses a cover glass which is free from surface defects 
is essential. Examination of the surface with a low power 
objective, say a 2/3 inch, will demonstrate its suitability or 
otherwise at once. The glass surface should bé illuminated with incident 
light at an angle of about 45° to the normal. If gross defects are present 
they will at once become evident. The slides should be of the thickness 
specified by the maker of the dark-ground illuminator. The limits of error 
should not exceed 0.1 mm. Shides of 1 mm. are the thinnest usable, and 
1.2 mm. 1s about the limit of thickness. When an oil-immersion objective 
is used, thickness of cover glass is unimportant provided that it is not too 
great for the objective to focus through; neither is it so essential to ensure 
that the cover glass is free from defects, as many of these consist of 
irregularities in the glass itself, which are not so evident when the objective 
is immersed, In any case it is important that both slides and covers should 
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be well cleaned, as otherwise it is difficult to make a thin even preparation, 
free from. air-bubbles, on which success largely depends. The cleaning may 
be effected by boiling in a 5 per cent. solution of strong sulphuric acid in 
a saturated solution of bichromate of potash or in 10 per cent. chromic 
acid. After boiling for about five minutes, they should be well washed in 
running water, rinsed in distilled water, and put into alcohol to which a 
few drops of strong ammonia have been added. They may be kept in the 
latter until required, and only need wiping with a clean rag or with rice- 
paper before use. Alternatively, the cover glasses may be cleaned with 
absolute alcohol, using a piece of well washed rag or an old piece of silk 
for the cleaning operation. In any case, the amount of rubbing should be 
the least possible, as in the event of any small particle of grit or dirt being 
on the cloth, some abrasion of the cover glass surface is:sure to occur, and 
this becomes evident in use. 


The Dark-Ground Iluminator.—There are three types of illuminator 
suitable for the purpose in view. They are as follows :— 


(1) An immersion achromatic condenser. with N.A. 1.35 to 1.4, to 
which a stop may be applied in the sub-stage stop carrier 
usually provided for that purpose. (Fig. 4.) 
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(2) A paraboloidal immersion condenser of the type -designed in 
England many years ago and more recently re- -introduced by 


Zeiss. (Hig. s,) 
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(3) The spherical surface reflecting condenser as introduced by 


ez.’ (big. '6,) 
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FIG. 6. 


The relative advantages of the three types are not particularly well 
marked, as any one may be so used as to produce a_ satisfactory result. 
In the first type, however, it is essential that the condenser should be 
one of good quality with a large aplanatic cone, that is, the condenser must 
be as free as practicable from chromatic or spherical aberration. Such 
condensers are made by Swift or Watson, and yield good results, but it is 
important to see that the appliance for carrying the stop is accurately 


A 
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Showing Path of Rays in Dark Ground Iluminators. 


A. Result of Stop in Achromatic Condenser. 
B. Spherical Surface Illuminator. 
C. Paraboloidal Illuminator, 


centred to the optic axis. The size of the stop necessary is dependent on 
the N.A. of the objective used, but in practice it is perhaps simplest to 
procure a set of stops of various sizes and to use the smallest one which 
gives the dark-ground effect. The second type of illuminator is rather better 
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suited for illuminants of large size, such as an inverted incandescent gas 
burner. It has the advantage that if provided with an iris diaphragm, the 
latter so acts on contraction that the rays which are least refracted are cut 
off first. The obvious effect of this is that where the illuminant is too 
intense or the N.A. of the objective is rather high, the central rays are cut 
off and the dark-ground effect improved. | The third type includes those 
most generally in use at the present time, which as they are almost free 
from spherical or chromatic aberration, lend themselves particularly well to 
the work in view, and are also less difficult to adjust. They are more 
suited for light sources of small size and of greater intrinsic brilliancy. 
This type can now be obtained from Charles Baker, of High Holborn, or _ 
J. Swift & Son, Tottenham Court Road, W. 


Illuminants.—In many respects the selection of a suitable illuminant 
is the most important point in dark-ground work. The one usually recom- 
mended is a small arc lamp with the positive carbon in a horizontal position. 
This lamp is supplied with small size carbons, so that it can be run with 
a current of about 4 amperes; consequently it can be used on an ordinary 
lighting circuit. The horizontal carbon is connected with the positive lead 
on the main, the result being that the positive crater remains in a constant 
position when the carbon is fed forward by the mechanism provided for the 
purpose. This source of light is, however, almost invariably too intense 
for observational purposes, as nearly all objects are suthciently refractile 
to cause considerable irradiation, with the result that the finer details 
become invisible, 


The most satisfactory electric illuminant is that made by the Ediswan 
_ Company, known as. the ‘‘ Pointolite’’ lamp. In this the light 
source is a small sphere of tungsten, which by an ingenious mechanism 
forms. a tungsten arc in a .gas filled bulb, the result being =@ 
light source of high intensity and small area. Jor almost any optical 
purpose, where the light is sufficiently intense, it is ideal, as it is the nearest 
approximation to a poift source of light at present known. For dark-ground 
illumination of blood or pus, it is somewhat too powerful, but by inter- 
posing a pale-blue colour screen, the light may be subdued sufficiently and 
then yields an exceedingly good result. The lamp is only suitable for con- 
tinuous current, so that it cannot be used where alternating current only is 
available. Any electric lamp of the filament type is unsatisfactory, as even 
if there is sufficient intensity, the light source is too irregular, and the result- 
ing image in the microscope suffers, even apart from the lack of intrinsic 
brilliancy. If, however, such a light source is the only possible one, then 
two alternatives are available. One is the small lamp of the pocket type 
which can be obtained from Messrs. Hearson, which fits directly beneath 
the microscope sub-stage, the mirror not being used. This requires storage 
batteries for satisfactory running, the ordinary dry cells supplied commer- 
cially not maintaining a constant voltage for any length of time. The other 
lamp is one of the half-watt type of too candle power. These can be 
obtained from most dealers in any voltage to suit the supply available. The 
tungsten filament in these is run at a very high temperature, consequently 
the luminosity is great. It is necessary, however, to interpose a piece of 
fine ground glass between the lamp and the microscope mirror, otherwise 
the narrow filament does not illuminate the object equally in all directions. 
l‘airly good results may be obtained with an inverted incandescent gas burner, 
but in general the quantity of light available per unit area of the incandescent 
mantle is not sufficiently high. An acetylene bicycle lamp may be made 
to do service where no other light is available, but in this case again the 
brilliancy of the light is not quite high enough for satisfactory results, 
although the actual amount of light emitted is considerable. 


_A new form of incandescent light which. may be used either with 
ordinary gas or with a high pressure’ methylated spirit burner 
will shortly be available and will be obtainable from Messrs. 
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Mm. B. *Anens &-°Co., of “Wigmore Street, London, .W. This 
embodies a somewhat new but very simple’ method. It consists 
of a specially made incandescent mantle which gives an intense uniform 
source of light of about 5 mm. across. It is sufficiently intense for seeing 
Spironema pallidum, and for differentiating it from other simiiar organisms. 
The simplest method of arranging the light for use is to set it up at one 
end of a board which may be about 21 inches long by 9g or 10 inches broad. 
In front of the light is placed the bull’s eye or condensing lens (Vide Figure 
8). The position of the latter should be such that the image of the radiant is 
projected about 7 to 9 inches from the condensing lens. |The microscope is 
then put at the other end of the board, so that this image of the radiant falls 
exactly in the centre of the mirror. The choice of type of condensing lens is 
not important; either the ordinary bull’s eye or a bi-convex lens, not exceed- 
ing five inches in focal length, may be employed. The arrangement of the 
apparatus is, therefore, that the light is in a position furthest from the 
“observer, the condensing lens being between the light and the microscope. 
The lens must be placed with its surface at right angles to a line joining the 
centre of the illuminant with the centre of the microscope mirror. In the case 
of paraboloidal illuminators it is important to see that the light as projected is 
completely filling the back of the condenser, and to ensure that a large image 
of the radiant is being projected the bull’s eye must be fairly close to the 
radiant. With spherical surface condensers, the bull’s eye may be somewhat 
further away, with the result that a smaller image of the radiant reaches the 
mirror. An arrangement to facilitate the adjustment of these subsidiary parts 
will also be supplied by Messrs. Angus & Co. in connection with the new 
source of light. In this the radiant and the bull’s eye are mounted correctly 
in relation to each other. A fixed mirror is provided on the base-board in such 
a position that a vertical beam is projected from the mirror surface. It is 
then only necessary to remove the mirror from the microscope, and having 
placed the latter in a vertical position, to stand it centrally over the fixed 
mirror and satisfactory illumination results without any further adjustment 
of the subsidiary apparatus. 


Manipulation.—There are many methods of adjusting dark-ground 
illuminators, but the following has the merit of simplicity, and if carried out 
with reasonable care is sufficiently correct for any purpose. The illuminant 
is first set up in the manner already described with its bull’s eye condenser 
in correct relation to the mirror of the microscope. No optical appliance is 
put into the microscope itself with the exception ef a low-power ocular. The 
light is then directed up the tube so that the eye piece is evenly and com- 
pletely filled with light. That this has been accomplished may be ascertained 
in one of two ways. If the observer places his eye exactly over the ocular 
and at a distance of from 8 to 10 inches from it, he will see, if the adjustment 
is correct, a perfectly even disc of light. A more exact method is, if the 
illuminant is sufficiently powerful, to project a disc of light on to the ceiling ; 
if that is impracticable—on to a piece of paper held two or three feet above 
the microscope. If there is any lack of centration, due either to the beam 
not being projected along the optic axis of the microscope or to the image 
of the source of light not falling in the centre of the mirror, it can at once 
be ascertained and corrected by manipulation of the mirror or alteration of 
the position of the light. If the board with a fixed mirror, as already 
described, is used, it is then only necessary to shift the microscope about 
until satisfactory illumination is obtained, that is, until the beam passes 
centrally up the microscope body tube. This adjustment having been effected 
the next step is to slip the dark-ground illuminator into the sub-stage. Place 
a low-power objective in the microscope and the object on the stage, having 
previously put a large drop of cedar-wood oil or glycerine and water on the 
top of the dark-ground illuminator; carefully rack up the latter so that the 
under side of the object slide is immersed and is nearly in contact with the 
top of the dark-ground illuminator. Now get the object into view by suitable 
adjustment of the objective. On observing, it will be seen that the object 
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is Wiuminated by a disc of light. By means of the sub-stage rackwork, the 
illuminator should be moved up or down until the smallest possible area of 
the object in the field of view is illuminated. It will probably now be found 
that the illuminated disc is not central, and this must be corrected by the 
centreing screws of the sub-stage, or by the fitting on the nose piece of the 
microscope, if the latter alternative is adopted. Under no circumstances 
should the relation of the light to the microscope be interfered with after the 
preliminary adjustment described has been carried out. Any correction 
necessary to ensure centration must be effected entirely by the centreing 
screws, either of the sub-stage or the nose-piece. Ihe higher power dry 
or immersion objective which is to be used for searching purposes is now 
substituted for the low power one and the object again brought into view. 
It may be found that some want of centration is apparent, due to the optic 
axes of the objectives not being co-incident. This again may be corrected 
by the centreing screws. A higher power ocular may now be substituted, 


and the apparatus should be in perfect adjustment. It should be remem- 


bered that when using a dry lens any alteration of tube-length necessary 


to correct for different thicknesses of cover glass must be effected, and this — 


should be the final operation. 


It is well worth while to procure a simple micrometer gauge and to cali- 
brate both cover glasses and slides before taking into use. By the use of 
such a gauge, the trouble incidental to correction hy means of alteration of 
tube-length is avoided. These can be obtained from any optician, but a 
thoroughly satisfactory substitute is that made for engineering purposes and 
sold by most tool dealers. These read to 1/100th of a millimetre with 
accuracy, and are preferable to the cheap form of gauge with a long lever 
arm which is sold for optical purposes, and which is very easily put out of 
adjustment should the arm. be knocked or bent. 


Absolute cleanliness is one of the main conditions for successful manipu- 


lation. The cover glasses and slides must be dealt with in the manner already 
described, and both objectives and oculars should be kept free from dust. 
If operations are carried out in a room where dust is prevalent then it is 
advisable, if a dry lens is used for observational work, occasionally to dust 
the cover glass with a small camel-hair brush. This class of microscopic 
work ts best carried out in a room where the light is at least subdued. 
Absolute darkness is not essential, in fact it is doubtful whether it is advis- 
able. In no case should the microscope be placed opposite a lighted window 
or in any position where a strong light falls upon the eye of the observer. 


The immersion fluid used with any illuminator must be free from air- 
bubbles. A method of avoiding this is to place a large drop of oil or glycerine 
and water on the top surface of the illuminator. Also place a small drop of 
the Nuid on the under side of the object slide. See that the illuminator is low 
enough down to avoid contact of the drops when the slide is placed on the 

stage. Now carefully raise the illuminator until the two drops touch. Owing 

to the convexity of the contact surfaces of these drops, there is no tendency 
for ar fe be enclosed, and the result invariably is that air-free immersion is 
secured. 


2.—Stained Films. 


_In the first few years which followed the discovery of the S. pallidum 
stained films were employed almost exclusively for diagnostic purposes. They 
have now been largely replaced by other methods. 


To obtain good results it is important in the first place that the moment 
the film has dried it be properly fixed, preferably by absolute alcohol, methy! 
alcohol or osmic acid. The film should be fixed as soon as dried. 


It is the experience of the Committee that the Romanowsky staining in 
one or other of its modifications affords the best results, more particularly 
Giemsa’s long method, although Leishman’s and Homer Wright’s modifica- 
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tions are not far behind. By these methods Spironema pallidum is coloured 
a rose pink, while other spirochaetes are blue in colour. 


Methods. 


(1) Giemsa’s ordinary or long method.—Staining for 12 hours with a 
I-in-10 to 15 dilution in. tap water. | 

(2) Gtemsa’s rapid method.—-In this method the same dilution of stain 
is used, only the stain is poured on the slide and the slide held over a Bunsen 
burner until steam rises. The process. is repeated 3 or 4 times, the final 
application lasting 2 minutes. 





(3) Letshnian’s method.—As recommended by the author. 


3.—Indian Ink and Congo Red Methods. 


Of all the methods devised for the demonstration of the Spironema 
pallidum these are certainly the simplest in that no special apparatus or com- 
plicated stain is necessary. The advantages, as will be pointed out later, 
are more than counterbalanced by certain inherent defects. 

Indian Ink Method (Burri).—For use, a drop of the fluid to be examined 
is mixed with one drop of the Indian ink on an ordinary microscopic slide 
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___and spread in a thin film, as in the making of a blood film. The film is then 
© dried in the air without heat, and when dry examined under the 1/12 oil 
‘ immersion. 

4 The Spironemu pallidum by this method appears as a white undulating 
thread against.a dark (i.¢e., yellowish or dark brown) background. 

‘ Congo Red Method (Benians).—Here 2 per cent. Congo Red solution 
m replaces the Indian ink. When the film has dried, it is flooded with acid 
— alcohol, whereby the background is converted into a semi-opaque bluish 


purple, against which the clear unstained spirochaetes stand out in sharp 
contrast 


Advantages and disadvantages.—These methods, although very useful 
for demonstrating other spirochaetes, cannot be recommended for the detec- 
tion of Spironema pallidum, and this because :— 


(1) The width of the spirochaete varies according to the thickness of 
the film; in a thick film it is seen as a fine filament, in a thin 
film it appears thick. 

(2) There is a liability to great distortion of the spirochaetes. 

(3) The characteristic movement of the spirochaetes cannot be 
observed. 


The only advantage of the methods is their great simplicity. It 
has, however, to be confessed that in the hands of inexperienced workers 
their use leads to inaccurate diagnoses. 


4.—Silver Nitrate Methods. 


: From time to time different writers have recommended silver nitrate 
solutions for staining the S. pallidum, but after a few trials they were mostly 
found to be. unreliable. Recently, however, Fontana* has introduced a method 
which gives much more consistent results. The preparation after fixing is 
mordanted with a solution containing tannic acid, washed in water and 
stained with an ammoniacal solution of silver nitrate. 


The following are the details of the method as modified and improved 
by Tribondeau + :— 








*FoONTANA, A., Dermat. Wcehnschr., Leipz. u. Hamb., 1912, 55, 1003. 


+ TRIBONDEAU, Bull. Soc. frang. de dermat. et syph., Par., 1912, 23, 474. 
Ibid, Ann. de V Inst. Pasteur, Par., 1917, 31, 425. 
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Three solutions are used in the process, viz. (1) a fixing solution, (2) a 
mordant, (3) silver solution. It is of the utmost importance that all glass 
ware employed in the process should be chemically clean. 


(1) Formol-acetic acid (Ruge’s solution): Acetic acid pure, tIc.c. ; 
commercial formalin (40 per cent.), 2c.c. ; distilled water, 100 c.e. 
(2) Tannin (alcoholic or ethereal), 1 grm.; distilled water, 20C.c. 7 
Dissolve the tannin in hot distilled water and preserve it from — 
mould contaminations in a well-stoppered bottle with a small 
prece of camphor. 
(3) Silver solution (Fontana’s solution): Silver nitrate, 1 grm.; dis- 
tilled water, 20 c.c. Dissolve the silver nitrate in the cold. @ 
After solution is complete a quantity is placed in a perfectly — 
clean stoppered measure, and by means of a pipette ammonia — 
is added drop by drop, the mixture being frequently shaken. At 
first a brownish precipitate appears, gradually becoming darker 
as more ammonia is added. A point comes when the precipitate 
begins to dissolve; then the ammonia, preferably diluted, should 
be added very cautiously, and it is necessary to stop while the — 
fluid is still very faintly opalescent. If this stage has been in- — 
advertently passed a small quantity of the silver nitrate solution 
should be added until the desired opalescence is reached and 
maintained on shaking. 


Technique.—Films are made in the usual way, and dried in air. Fix in — 
the formol-acetic solution, which is poured on and off once or twice, a fresh 
quantity being left to act for 1-5 minutes. It is of the greatest importance 
that haemoglobin which may be present in blood corpuscles in the film should 
be completely dissolved out by the solution. In the case of secretion of 
syphilitic ulcers the films should be washed with absolute alcohol. | Smears 
from organs should have any fat removed by alcohol, ether, and finally 
alcohol. After treatment by the formol-acetic solution the preparations are 
then covered with the tannin mordant, and heated gently till vapour rises (not 
boiled). The mordant is left on for 30 seconds. 


Wash thoroughly under the tap for 30 seconds, and follow by a wash 
in distilled water. 


Pour on the silver solution and allow it to act for a few seconds in the 
cold. Pour off and add a fresh quantity of silver solution and heat gently — 
till vapour arises.. Leave the silver solution to act for a further 15 seconds. 
By this time the film is of a maroon colour. 


Wash in distilled (not tap) water for a few seconds; dry with blotting 
paper. 


Spirochaetes are stained yellowish brown or blackish, and stand out very 
sharply. | 


They may be examined directly in cedar oil, but this should not be left 
on as the oil destroys the preparation. The film can be safely mounted in 
neutral glycerine under a cover glass (Tribondeau) or in Canada balsam 
dissolved in xylol (Fontana). | : 


Advantages and disadvantages of staining methods.—Admiittedly, well-_ 
stained preparations afford characteristic ‘appearances; where, that is, the 
results are positive they cannot be questioned. On the other hand, the — 
Spironema pallidum has a notable lack of affinity for most staining reagents. — 
_ As a result, material which by other methods yields numerous spirochaetes, 

may fail to yield them by staining methods, or but an occasional individual ™ 
may be made out, this affording an erroneous idea of their frequency. So- 


also the distortion caused by drying, and absence of the characteristic move-_ 
ment, are distinct disadvantages. 
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Ey Sort CHRANCRE AND BALANITIS. 


The Committee find no sufficient evidence that what is clinically known 
ae soll chanere * or “soft sore’’ is a specific disease induced by ‘a 
single species of micro-organism. 

In these circumstances they recommend that a diagnosis of soft chancre 


be founded on clinical evidence, and this only after syphilis has been 
excluded by observation extending over a period of twelve weeks. A similar 


recommendation is made with respect to conditions of balanitis. 


APPENDIX I.--On the Resolving Power of the Microscope. 


IT is necessary to appreciate that increased visibility is secured by means of dark-ground 
illumination, but that resolution, that factor in microscopic observation on which the 
elucidation of fine structure depends, is reduced. When an object is seen as a bright 
object on a dark ground it is possible to see much smaller particles than by any other 
means. If a single molecule in fact could be isolated and illuminated by a sufficiently 


-intense source of light, it would be visible. The image seen would, however, bear no 


relation to the form or size of the object, it would be a bright circular point of light 
surrounded by one or more bright rings. 


In all dark-ground illumination work such luminous particles are seen and these may 
be regarded as ultra-microscopic. The number visible depends almost entirely on the 
intensity of the illuminant, and this constitutes still another reason for avoiding too intense 
light sources where the object is to demonstrate the presence of an organism which is 
within the limits of resolution of the microscopic objective employed. 


Resolving power is dependent on two factors, the numerical aperture (N.A.) of the 
objective and the wave-length of the light used. 


It is therefore evident that increased resolution can only be secured by increasing the 
N.A. of our objectives or by decreasing the wave-length of the light employed. In the 
present state of knowledge there is no probability of objectives being produced of greater 
N.A. than those now available, but there is a very wide fiéld for the use of light of shorter 
wave-length, such as ultra-violet light, or other invisible radiations. In dark-ground work, 
bacteria and similar translucent objects, which require to be stained to be visible by 
ordinary methods of observation, are easily shown, but these are well within the limits 
of resolution. An object which is less than 0.2 yx. in diameter, is beyond the limits of 


resolution by transmitted light of average wave-length. As it is impossible to utilize the 
full N.A. of an oil-immersion objective by dark-ground methods, the limit is reached with 
a considerably larger object by the latter method. 


APPENDIX II.—On the Nomenclature of the Spirochaete of Syphilis. 
By Clifford Dobell, F.R.S. 


THE organism was discovered and first named by Schaudinn (1905), who called it Spiro- 
chaete pallida. |The name was proposed by Schaudinn, in a joint paper with E. Hoffmann 
(1905). The authority for the name is therefore Schaudinn—not Schaudinn and Hoffmann, 
as often incorrectly stated]. The specific name of the organism is therefore pallida 
Schaudinn, 1905, and has never been in dispute. 


The generic name Sfirochacte, used by Schaudinn, is a mistake [probably first com- 
mitted by Cohn], the genus intended being Spirochaeta Ehrenberg, 1834. Reinvestigation 
of the type species of this genus (S. plicatilis Ehrbg.), especially by Zilzer (1910, 1911), 
has shown that it is morphologically so unlike the syphilis spirochaete that the latter cannot 
be placed in the same genus. 


_As the syphilis spirochaete cannot be placed in the genus Spirochaeta Ehrenberg, 
another generic name must be assigned to it. The early proposals to place it in the genus 
Trypanosoma or Sptrilium were founded upon misconceptions, and need not be considered 
further here. [Trypanosoma Gruby is a flagellate protozoon ; and Spirillum Ehrenberg is, 
by definition, only applicable to bacteria of spiral form which are rigid, and not flexible] 
The other generic names proposed for the syphilis spirochaete are :— 


(1) Spironema, proposed by Vuillemin in June, 1905. 
(2) Treponema, * ,, schaudinn in October, 1905. 
(3) Microspironema, proposed by Stiles and Pfender in December, 1905. 


(1) The name Spironema thus has priority over the others, and is therefore the correct 
generic name unless it can be shown to be unavailable.—It was proposed by Vuillemin. to 
replace Sfirochaeta, on the grounds that the latter is a genus of plants (Schizophyta) 
whereas the syphilis organism—according to Schaudinn’s original interpretation—was a 
flagellate protozoon related to the trypanosomes, It is now known, however, that the 
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Plate IV. 








Plate. V. 
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